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This textbook has been prepared to assist in the organized study of 
the materials and processes employed in the production of metal castings. 
The reasons for the selection of materials and the procedure used in the 
manufacturing processes are explained. Special consideration is given 
to the constitution, properties, and classification of the cast ferrous and 
non-ferrous alloys. The relationship of design to the production of 
metal castings is an important division of this study. A bibliography is 
appended to each chapter to aid those who desire further information 
on the subjects presented. The review questions offer to the reader an 
opportunity for testing his knowledge of the content of each chapter. 
Attention is directed to the Appendix for tabulated data, standard 
specifications for the cast metals, and foundry control methods. 

In the preparation of this textbook, the author has supplemented 
the results of his research with the developments of many other investi¬ 
gators. Proper acknowledgment is made in the text to these sources of 
instruction. It is appropriate, however, to refer to the admirable works 
of Thomas D. West, Thomas Turner, W. J. Keep, H. M. Howe, Richard 
Moldenke, J. H. Hall, W. H. Hatfield, H. A. Schwartz, J. W. Bolton, 
R. H. MacPherran, and R. A. Bull, who have contributed extensively 
to the advancement of the casting industry. The author is indebted 
to J. W. Bolton, R. A. Bull, D. P. Forbes, John Grennan, D. J. Reese, 
Enrique Touceda, and F. L. Wolf for reviewing portions of the text, and 
to Professor C. Upthegrove for the photomicrographs. 

H. L. Campbell 

Ann Arbor, Michigan, 

Mat, 1936, 
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METAL CASTINGS 


CHAPTER I 

THE METAL-CASTING INDUSTRY 

EXTENT OF THE CASTING INDUSTRY—DIVISIONS OF THE CASTING 
INDUSTRY—DEVELOPMENTS IN THE CASTING INDUSTRY—NA¬ 
TIONAL ASSOCIATIONS OF FOUNDRYMEN 

Metal castings arc* produced by pouring molten metal into molds 
having the desired shapes and approximate sizes of the castings, and 
allowing the metal to solidify. The origin of the casting method for 
obtaining metal products is obscured in prehistoric times; it is probable 
that the earliest castings were made of gold or copper because these 
metals were found in a free state, and were formed to the desired shapes 
in molds of stone or clay. The art and the science of this method of 
shaping metals in the liquid state have been in process of development 
through many centuries, and the applications of the product have 
become so extensive that an industry of tremendous magnitude has 
grown up to meet the requirements for metal castings. 

In “The History of Iron and Steel,” G. E. Thackray states: “As far 
as we can learn, the first real operating iron works in this country was 
established in Lynn, Massachusetts, in 1643 to 1645. As the country 
developed and became more settled, other iron works were started and 
operated in New York State, Connecticut, and New Jersey, there being 
76 iron works in Massachusetts in 1774.” 1 The early blast furnaces 
used ores from nearby sources and charcoal for fuel. The metal from 
these furnaces was poured directly into molds for stove plate, kettles, 
andirons, baking pans, and other household articles. It was not until 
1820 that the cupola furnace came into use in the United States. 2 This 
method of melting gradually replaced the small blast furnaces, and for 
many years the cupola furnace has been the most extensively used 
melting unit for gray iron castings. 

|r 1 Reference numbers in the text correspond with similar numbers in the Bibli* 
ography At the end of the chapter. 
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Another division of the casting industry is the manufacture of malle¬ 
able iron castings, a process which, as used in America, was originally 
devised by Seth Boyden at Newark, New Jersey, in 1826. The entire 
practice for making malleable iron castings has been developed gradually 
through the control of the melting, molding, and annealing operations. 

The production of steel castings necessarily followed the develop¬ 
ments in the steel-making processes. The first company to make steel 
by the Bessemer process was organized in 1866. Later, a number of 
works for the making of converter steel were built in the United States. 
The Siemens furnace for open-hearth steel w r as used in England about 
1868; tw\) years later the first successful open-hearth furnace in America 
was built at Boston, Massachusetts. 


EXTENT OF THE CASTING INDUSTRY 

The Foundry magazine 3 has reported that the number of foundries 
in the United States in 1935 was 5,080; of this total, 3,215 foundries 



Courtesy of Griffin Wheel Company 

Fig. 1.—Cab Wheels on Loading Platfohm 


produced gray iron castings, 147 produced malleable iron castings, 319 
produced steel castings, and 2,574 produced castings of brass, bronze, 
and aluminum alloys. Some foundries make castings of several types 
of metals. The leading foundry centers in the United States are 
Chicago, Cleveland, New York, Los Angeles, and Detroit. 

The total tonnage of gray iron castings produced annuajly in tfie; 

' United States is indefinite; it has been estimated, however; that over), 
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15,000,000 tons of iron castings are made each year. Some foundries 
make as much as 2,000 tons of iron castings in one day. Approxi¬ 
mately twenty million chilled-iron wheels for freight cars are in service 
in the United States, requiring an annual replacement of about three 
million. The American Iron and Steel Institute has reported a total 
production of 537,673 tons of cast-iron pipe for 1934. The total pro¬ 
duction of malleable iron castings as reported by the U. S. Department 



Courtesy of The Cast-Iron Pipe Research Association 

Fig. 2.—Cast-Iron Pipe Line 

Diameter of pipe, 36 inches. Length of line, 25 miles. 


of Commerce for 1934 was 369,458 tons, this amount being about 36 
per cent of the possible capacity of malleable iron plants in the United 
States. The yearly capacity for the production of steel castings in the 
United States has been estimated by the Steel Founders’ Society of 
jk,America- as 2,298,506 net tons. In 1933, the quantity of brass and 
11 bronze castings produced in the United States was 73,086,627 pounds 
s ®«| ; repiorm;by the U. S. Department of Commerce. 
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The following examples show the importance of metal castings in the 
construction of modern machines. The crawler shovel illustrated in 
Fig. 3 weighs approximately 115,000 pounds, 45 per cent of the total 
weight of which is made of carbon steel castings, 22 per cent of alloy 
steel castings, 10.3 per cent of iron castings, and 1.4 per cent of bronze 
castings. At least 78 per cent of the weight of the materials used in 
building this shovel was produced in the foundry. The tractor shown 



Courtesy of Link-Belt Company 

Fig. 3.—Crawler Shovel 

Metal castings, 78 per cent of total weight. 


in Fig. 4 contains 6,375 pounds (188 pieces) of gray iron castings, 1,865 
pounds (105 pieces) of malleable iron castings, 1,775 pounds (23 pieces) 
of steel castings, and 100 pounds (64 pieces) of brass, bronze, and alu¬ 
minum castings. In the construction of this machine, 53 per cent of its 
total weight was made of metal castings. The overhead tr 
illustrated in Fig. 5 weighs 320,000 pounds and has a liftin 
400,000 pounds.. The construction of this crane required 5 
of steel castings used in the bridge trucks, side frames of 


aveling crane 
g capacity ‘Ufjfe 
2,550 pounds^ 
trolleys, aadf® 
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for gears; and 19,900 pounds of gray iron castings used in the gear 
covers, hoisting drums, and other parts. About one-fourth of the 
entire weight of the structure is made of metal castings. 

DIVISIONS OF THE CASTING INDUSTRY 

Castings of gray iron, malleable iron, steel, and the non-ferrous alloys 
are usually made in independent manufacturing units. This separation 
of the casting industry into divisions based on the types of castings pro- 



Courtesy of Caterpillar Tractor Company 

Fig. 4.—Tractor 

Metal castings, 53 per cent of total weight. 


duced is caused by the differences in melting equipment as well as 
molding materials required in the different processes. Specialization in 
the manufacture of castings of one type of metal is the rule; however, 
some foundries produce castings from both the ferrous and the noh- 
ferrous metals. 

Foundries in general may be classified into two main groups, pro¬ 
duction foundries and jobbing foundries. The difference lies in the 
number of castings made of similar designs. In the production foundry, 
large numbers of castings are made from relatively few patterns, special 
ipment being provided to facilitate the rapid manufacture of a 
idardized product. The employment of labor-saving machinery and 
accurate control of all operations result in low unit costs of the 
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product. Cast-iron pipe, parts for stoves, car wheels, piston rings, and 
automobile cylinder blocks are examples of castings made in production 
foundries. 

In the jobbing foundry, a small number of castings are made of each 
design; therefore, a large variety of patterns must be handled. This 
practice limits to some extent the possibility of standardization in 
equipment and methods so that the manufacturing cost of castings made 
in the jobbing foundry is necessarily greater than in the production 
foundry. 

The operations which are necessary for the production of metal 
castings are grouped in departments for purposes of administration. 
These divisions of the foundry generally include the core department, the 
molding department, the melting department, and the cleaning depart- 





Courtesy of Harnischfeger Corporation 

Fig. 5.—Traveling Crane 

Metal castings, over 23 per cent of total weight. 


ment. An additional department is sometimes required for the heat 
treatment of castings. Each of these departments contributes in a 

vital way to the production of good castings. 

♦ 


DEVELOPMENTS IN THE CASTING INDUSTRY 

Improved physical properties and greater reliability of the metal in 
castings are the result of close attention to materials and plant proc¬ 
esses. 4 It is generally recognized that chemical control is essential to 
the operation of all metallurgical processes. The properties of ;the cast 
metals are. dependent upon their compositions, and with accurate con- , 
trol of the composition, as well as of the melting and molding operations,! 
uniform machining qualities and reliability of the castings* are assured*! 
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A better understanding of furnace practice is also causing an improve¬ 
ment of the qualities of the foundry product. Furthermore, the con¬ 
trol of molding materials and cores aids in the economical production of 
metal castings. 

The general use of mechanical equipment in the foundry is making 
possible a remarkable increase in production with a corresponding 
decrease in unit costs. A superior product is being obtained by better 
pattern and molding equipment, by more efficient sand-handling and 
mixing machinery, and by conveying systems for metal and molds. 



Fig. 6.—Production Foundry 


The cost of cleaning and reclaiming castings has been greatly reduced 
by the adoption of improved methods and equipment. 

; . One ..of the most marked advances in the ferrous division of the 
easting industry is the use of special alloys in steel and cast iron. The 


}/ valuable-properties obtained by special alloy combinations have extended 
Jj the use of these new products. Some machine parts which have been 
made regularly of forged steel are being replaced successfully by alloy 
||_Cast iron. In the field of corrosion- and heat-resisting castings, alloys 
j^ontaining chromium and nickel are finding extensive outlets lor indus- 
HBffiial equipment. 
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In the non-ferrous division, improvements have been brought about 
as the result of the availability of purer metals, the use of new alloy 
combinations, and better melting practice. The present tendency at 
many foundries is to decrease the number of alloys produced and to 
standardize on a few specific types. Die-casting applications are grow¬ 
ing in volume and importance as a result of the use of superior alloys 
and improved casting equipment. 

Special attention is being given to the design of castings so as to 
obtain the full benefit of the properties of the cast metals and to facili- 


Fig. 7.—Jobbing Foundry 


tate the casting of these materials. In some cases, castings are being 
redesigned to obtain lower cost of production and better service condi¬ 
tions. 

NATIONAL ASSOCIATIONS OF FOUNDRYMEN 


The American Foundrymen 7 s Association was organized in 1896 to 
promote and improve the production and application of the cast metals 
and alloys, and to distribute information relating to all phases of 
foundry practice. This association holds annual meetings for the pres¬ 
entation of reports and papers on foundry topics; sponsors periodic local 
and district meetings of foundrymen; encourages research to improv< 
materials, processes, and methods; cooperates with qther technii 
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societies in the development of specifications and standards; and, at 
frequent intervals, publishes data on the cast products for the benefit 
of users and producers of metal castings. 

Other organizations which have an active part in promoting the 
interests of the casting industry are the Malleable Iron Research Insti¬ 
tute , the Steel Founders ; Society of America , the National Founders* 
Association , the Gray Iron Founders’ Society , the Non-Ferrous Foundry 
Association , the American Society for Testing Materials , and the U. S. 
Bureau of Standards. 
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REVIEW QUESTIONS 
I 

What process was used for obtaining the metal for the first gray iron castings? 

II 

What was the order of development of the iron alloys for castings? 

III 

What are the leading foundry centers in the United States? 

IV 

Define the two main groups into which all foundries may be classified. 

V 

Name the production departments of a foundry. 

VI 

What methods of control are used in modern foundry practice? 


VII 

What improvements in r oundry practice have resulted in increased production 
and decreased costs? 

i; vm 

What national associations have aided in the progress of the casting industry? 



CHAPTER II 


MATERIALS FOR THE FOUNDRY 

METALS—Manufacture of Pig Iron—Classification of Pig Iron—Ferro-Alloys— 

Ferrosilicon— Ferromanganese—Ferrochromium — Ferromolybdenum — Ferrovana- 
dium —Scrap Metals —FUELS— By-Product Coke—Beehive Coke—Fuel Oil—Gas 
— FLUXES— Limestone — Fluorspar — Soda Ash — REFRACTORIES— Foundry 
Sands —Requirements of Molding Sands—Test Methods for Molding Sands— 
Sources of Supply of Molding Sands—Core Sands— Fire Clay—Bentonite—Ganister 
—Fire Brick—Graphite Crucibles 

The materials which are purchased in large quantities for foundry 
use may be placed in four general groups: metals, fuels, fluxes, and 
refractories. The metals include pig iron; ferro-alloys; ingot copper, 
tin, lead, zinc, and aluminum; and scrap metals. Practically all the 
industrial fuels are used to some extent in foundry practice. The 
materials which serve as fluxes during melting operations are limestone, 
fluorspar, and soda ash. Under refractories are included sand, clay, 
and ganister, as well as manufactured shapes such as fire brick and 
crucibles. The qualities and characteristics of the important materials 
used in the foundry are discussed in this chapter, and the prices of these 
materials are given in Table I. Those supplies which are needed in 
smaller amounts in the foundry include sand binders, blackings, chap¬ 
lets, and grinding wheels, reference to which will be made iii later dis¬ 
cussions. All materials and supplies for the foundry should be pur¬ 
chased under specifications which define the requirements for their par¬ 
ticular uses. 

METALS 

This group of materials which are purchased for foundry use includes 
pig iron, ingot metals, ferro-alloys, and scrap metals. Special attention . 
is given to the classification and selection of these important foundry * 
materials. The compositions and other requirements of the non-ferrous 
metals and alloys are given in Chapter XIII. 

Manufacture of Pig Iron 

Pig irdh is produced by sntelting lrfcgi ores in blast furnaces, 
easting the molten iron into pieces of convenient size for handling. Tbajp 



Table I 

Prices of Materials for the Foundry 
At Chicago, Ill., February, 1936 


Material 

Class or Grade 

Price 

Pig Iron . 

.. .. Bessemer . 

. $20.00 Gross Ton 

Pig Iron . 

... Basic . 

19.00 Gross Ton 

Pig Iron . 

... Forge . 

. 19.00 Gross Ton 

Pig Iron. 

. .. No. 2 Foundry. 

19.50 Gross Ton 

Pig Iron. 

, ... Malleable. 

19.50 Gross Ton 

Pig Iron. 

... Low-Phosphorus. 

24.00 Gross Ton 

Pig Iron . 

. .. Charcoal . 

. 25.25 Gross Ton 

Ferromanganese . 

... 80% Mn . 

85.00 Gross Ton 

►Spiegeleisen . 

... 19-21% Mn . 

26.00 Gross Ton 

Ferrosilicon . 

... 50% Si . 

. 77.50 Gross Ton 

Ferrosilicon . 

. .. Electric 15% Si . 

. 35.00 Gross Ton 

Ferrosilicon . 

... Bessemer 15% Si . 

. 34.50 Gross Ton 

Silvery Iron . 

... 8% Si . 

. 26.00 Gross Ton 

Copper . 

... Lake . 

.09 Pound 

Tin . 

... Straits . 

.48 Pound 

Lead . 


.05 Pound 

Zinc . 


.05 Pound 

Antimony . 


.13 Pound 

Aluminum . 


.21 Pound 

Magnesium . 


.30 Pound 

Nickel . 

... 92% Ni, 6% Si.... . 

.34 Pound 

Phosphor Copper . 

.. . 15% P, 85% Cu. 

.20 Pound 

Aluminum-Copper. 

. ... 50% Al, 50% Cu . 

.28 Pound 

Aluminum-Silicon. 

... 50% Al, 50% Si . 

.31 Pound 

Ferrochromium . 

... 66-70% Cr, 4-6% C . 

.10 Pound of Cr 

Ferromolybdenum . 

... 55-65% Mo . 

.95 Pound of Mo 

Ferro vanadium . 

... 30-45% Ya . 

2.80 Pound of Va 

Scrap Iron . 

... No. 1 Machinery . 

. 12.00 Net Ton 

Scrap Steel . 

. .. Rails . 

. 15.50 Net Ton 

Foundry Coke . 

... Beehive . 

9.50 Net Ton 

Foundry Coke . 

. .. By-Product . 

9.75 Net Ton 

Limestone . 

... Cupola . 

3.20 Net Ton 

Fluorspar . 

... 85% CaF2 . 

. 17.50 Net Ton 

Soda Ash . 

... Fused . 

25.00 Net Ton 

Iron Molding Sand 

. .. Average. 

3.50 Net Ton 

Core Sand. 

. .. Lake. 

1.00 Net Ton 

Steel Molding Sand.. . 

... Silica . 

1.50 Net Ton 

FireClay. 

... Plastic. 

2.50 Net Ton 

Sea Coal. 

... Best. 

. 14.00 Net Ton 

'Bentonite. 

... Best. 

18.00 Net Ton 

Kre Clay Brick. 

... Best....... 

. 45.00 1,000 

- Silica Brick. 

... Best. 

. 54.00 1,000 

Magnesite Brick. 

... Best,;?'*....*.. 

. 7&50'-l,0Q0 

jfejSrraphite Crucibles.... 

...:• Besb;"‘ ( ...,...:?{.. 

| 

t 
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MATERIALS FOR THE FOUNDRY 


modern blast furnace is constructed of a steel shell about 90 feet in 
height, lined with refractories, and having necessary means for intro¬ 
ducing iron ore, fuel, and flux at the top, and air near the bottom; and 
for removing molten metal and slag near the botton and gases near the 
top. The furnace is circular at all levels and has a maximum diameter 
of about 25 feet. In order to permit continuous operation of the blast 
furnace, the temperature of the lining is controlled by the use of water- 
cooled plates at certain locations in the furnace wall. 

The modern blast furnace requires about 1,200 tons of ore, 600 tons 
of coke, and 250 tons of limestone every 24 hours. During the same 



Fig. 8.—Blast Furnace Plant 


period, 2,400 tons of air at a temperature of 900 to 1400 degrees F., 
and at a pressure of 8 to 16 lb. per sq. in. are supplied to the furnace. 
The average production from this furnace is 600 tons of pig iron in 24 
hours. A blast-furnace plant is shown in Fig. 8. 

During the operation of the blast furnace, the combustion of the 
fuel produces heat as well as reducing gases which cause the formation 
of metallic iron from the oxides of iron in the ore. At the same time, 
some silicon and manganese are reduced from the compounds of these 
elements which are present in the furnace charges. Most of the phos¬ 
phorus and sulphur in the ore and fuel are taken up by the iron. On 
exposure to the heat within the furnace, the limestone is/converted into 
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lime which combines with the earthy constituents from the ore and the 
ash from the fuel to form a liquid slag. The molten iron is drawn off 
from the bottom of the furnace, and the slag which collects above the 
metal is tapped off at a higher level. 

Pig iron is essentially a combination of chemical elements, the propor¬ 
tions of which are controlled to a large extent by the composition of the 
ore from which the iron was produced. The principal ore-producing 
sections of the United States are the Lake Superior district which 
includes portions of Minnesota, Michigan, and Wisconsin; the southern 
district in Alabama, Georgia, and Tennessee; and the eastern district 
with iron ore deposits in New York, New Jersey, and Pennsylvania. 
From the Lake Superior ores which are comparatively pure, pig iron is 
produced containing low sulphur (less than 0.05 per cent), low phos¬ 
phorus (0.10 to 0.40 per cent), and medium manganese (0.40 to 2.00 
per cent). With few exceptions, all ores found in the southern district 
are high in phosphorus, and as a result of this condition, only high- 
phosphorus (0.50 to LOO per cent) irons are marketed from this section. 
Certain ores from the eastern district are used in making a superior 
grade of pig iron with a low sulphur and phosphorus content (each less 
than 0.035 per cent). 

The silicon content of pig iron can be controlled to some extent by 
changes in the blast-furnace practice. The higher the temperature 
within the furnace, the greater will be the proportion of silicon reduced 
from the furnace charges. This practice requires a larger ratio of fuel, 
which increases the cost and also decreases the output from the furnace. 

Classification of Pig Iron 

On account of the differences in the materials used and in the 
operation of blast furnaces, a definite plan is necessary for classifying 
pig iron. This classification is based upon: first, the kind of fuel used 
in the blast furnace; second, the method of casting the metal; and third, 
the purpose for which the metal is produced, or its industrial use. The 
fuel used in smelting iron ore is either coke or charcoal. Of the total 
number of active blast furnaces in the United States in 1933, 270 were 
operated with coke and only 5 with charcoal. As a rule, charcoal iron 
is produced in relatively small furnaces under conditions which permit 
k higher total carbon and a lower sulphur content than are obtained in 
| coke iron. On account of the higher cost of the fqel used, the market 
> price of charcoal iron is considerably higher than that of coke iron. 
Refer to Table I. 
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Pig iron is classified into two groups according to the method of 
casting the metal from the blast furnace. When the iron is allowed to 
run directly from the furnace into sand molds, the product is known as 
sand-cast pig iron. When the iron is cast into a series of metal molds 
mounted on a conveyor, the metal in this form is designated as machine- 
cast pig iron. The distinction between these two forms of pig iron has 
little importance, except that the machine-casting method produces a 
cleaner product than is possible with the sand-casting method. 

The third method of classifying pig iron provides for ranges of com¬ 
position which are suited to different metallurgical processes as stated 
in Table II. The acid Bessemer process for steel making requires an 
iron with relatively low silicon, low sulphur, and low phosphorus con- 


Table II 

Ranges of Composition of Pig Iron 


Class or Grade of 
Pig Iron 

Silicon, 

Crr 

/O 

Sulphur, 

% 

Phosphorus, 

or 

/o 

Bessemer. 

1.00 to 2.00 

" ---- 

less than 0.05 

less than 0.10 

Basic. 

less than 1.00 

less than 0.05 

less than 1.00 

Forge. 

less than 1.50 

less than 0.10 

less than 1.00 

Foundry. 

0.50 to 3.75 

0.02 to 0.05 

0.10 to 1.00 

Malleable. 

0.75 to 2.00 

less than 0.05 

less than 0.20 

Low-Phosphorus. 

1.50 to 3.50 

less than 0.035 

less than 0.035 


tent. The grade known as basic pig iron is used in the production of 
basic open-hearth steel. As this process provides for the purification 
of the metal, an iron with a high phosphorus content can be used. 
Forge pig iron with a relatively high sulphur and phosphorus content is 
used in the puddling process for the manufacture of wrought iron. In 
the foundry group of irons for gray iron castings, a wide range of com¬ 
position is provided. The limits on the composition of the malleable 
class of pig iron are suited to the manufacture of malleable iron castings. 
The low-phosphorus grade of iron is required at foundries making steel' 
castings by the acid open-hearth and converter processes. 

The grading of pjig iron, other than the general classification which 
has been described, hasjaot been standardized by the producers and |j 
merchants of this material throughout the United States. Therefore*;! 
it is necessary when ordering pig iron to specify ranges of composition i| 
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suited to the specific foundry practice. The silicon content of pig iron 
is usually specified in ranges of 0.25 per cent. Thus, if an iron with 
about 2.00 per cent silicon is desired, any iron within a range of 2.00 to 
2.25 per cent would be satisfactory to the purchaser. The sulphur 
content is ordinarily stated as the maximum amount allowed. Phos¬ 
phorus and manganese are specified as limiting ranges usually with 
variations of 0.20 per cent. 

The prices of pig iron are dependent on the chemical composition of 
this material; as the silicon and manganese increase, the price advances. 
All pig iron is sold on the basis of a gross ton of 2,240 pounds. At the 
blast-furnace plant each lot of pig iron is sampled and analyzed, and the 
chemical analysis of the metal is sent to the purchaser. When the cars 
of pig iron are received at the foundry, they are piled separately and 
each pile is properly marked. In order to avoid any discrepancy in 
records, many foundries check the furnace analysis of each car of iron 
before it is used. 

Ferro-Alloys 

Certain alloys of iron are purchased by foundries to be used as 
deoxidizers and cleansers of the molten metal, or to increase the propor¬ 
tion of one or more elements in the metal. These alloys are supplied in 
the form of pigs, lumps, briquets, or in a finely pulverized state. The 
prices of the ferro-alloys are dependent upon the amounts of the special 
elements in the alloys. Refer to Table I. 

Ferrosilicon. —Several grades of ferrosilicon are available with the 
silicon ranging from 47 to 95 per cent. These high-silicon alloys are 
produced in electric furnaces from iron ore (or steel scrap), silica sand, 
and carbon. The 50 per cent alloy has a melting temperature of about 
2170 degrees F. Other ferrosilicon alloys containing 5 to 17 per 
cent silicon and 0.25 to 3.00 per cent manganese are produced in 
blast furnaces by smelting siliceous iron ores at very high temperatures. 
This product is known as silvery iron and is classified into a standard 
grade with phosphorus over 0.10 per cent and Bessemer ferrosilicon 
with a phosphorus content of 0.10 per cent or less. These alloys are 
supplied within limits of plus or minus 0.25 per cent of the specified 
^ silicon and manganese contents. The melting temperatures of these 
^dloyB are about 2100 degrees F. . ' 

j||%;' Ferromanganese. —The standard grade of ferromanganese, which is 
SlfM* electric furnace product, has the following ahalysis^ manganese, 78 to 

per cent; iron, 15 to ffy per cen|; cferbozy 6:to 8 per cent; silicon, 
f^aaaximum L00 per cent; and pho^hbriis, 'maximum 0M per cent. 
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This alloy melts between 2280 and 2325 degrees F. Spiegeleisen con¬ 
tains 15 to 30 per cent manganese, and is produced by smelting 
ores rich in manganese in a blast furnace. This material in the form 
of pigs is used to supply manganese to the metal in the Bessemer and 
open-hearth steel processes. The melting point of spiegeleisen is 
between 1950 and 2265 degrees F. 

Ferrochromium. —Chromium is added to cast iron and steel in alloys 
which contain 60 to 75 per cent of this element. Ferrochromium is 
produced in the electric furnace from charges of anthracite coal and 
ores containing chromium. The melting temperatures of the chromium 
alloys range from 2200 degrees F. for alloys with a high carbon 
content (4 to 8 per cent), to 2800 degrees F. for alloys with a low 
carbon content (0.10 to 2.00 per cent). 

Ferromolybdenum. —The commercial alloy of molybdenum contains 
55 to 65 per cent molybdenum. It is generally supplied in crushed 
form and has a melting temperature of approximately 2965 degrees F. 
Ferromolybdenum dissolves readily in molten cast iron or steel. 

Ferro vanadium. —The beneficial effects of vanadium are obtained 
by additions of ferrovanadium to the molten metals. The approximate 
analysis of this alloy is as follows: vanadium, 30 to 45 per cent; silicon, 
1.25 to 12.00 per cent; carbon, 0.35 to 3.50 per cent. Its melting tem¬ 
perature is between 2280 and 2550 degrees F. 

r 

SCRAP METALS 

All metals which have no particular use in their existing forms may 
be considered as scrap metals. This material is remelted with or with¬ 
out the addition of new metals and cast into the desired shapes. 
At all foundries, scrap metals are divided into two classes which are 
designated as foundry scrap and purchased scrap. Foundry scrap con¬ 
sists of gates, risers, defective castings, and metal which has been melted 
in excess of immediate requirements for castings. Purchased scrap 
includes all scrap metals which are brought to the foundry from outside. 
sources. In modern foundry practice, the compositions of all metal 
mixtures are accurately controlled. As these mixtures often contain 
large proportions of scrap metals, it is important that only definite grades 
of scrap be purchased. j 

Scrap metals are classified into the various kinds of metals such ani^ 
steel, cast iron, copper, and yellow brass. Furthermore, dealers i&Ji 
scrap metals sort these materials in piles according to the previous useaflj 
of the metal parts, such as stove-plate, machinery, car wheels, structural 
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steel, steel rails, and sheet copper. This method of classification is not 
based directly on the chemical composition of the material; nevertheless, 
the average composition of every carefully selected group of metal scrap 
is within a limited 'range. This composition can be estimated, or 
an analysis can be made at the foundry of each lot of scrap metal for 
use in preparing metal mixtures. 

The extensive use of special alloying elements in steel and cast iron 
makes the sorting of scrap metals considerably involved. Additions of 
nickel, chromium, vanadium, or molybdenum produce favorable quali¬ 
ties when used under properly controlled conditions. On the other 
hand, a small proportion of an unexpected alloy in some metal mixtures 
may interfere seriously with the development of the desired properties. 
As it is somewhat difficult to ascertain the alloy content of cast-iron and 
steel scrap, it is desirable to separate the scrap metals into lots from 
definite sources and to determine the compositions of the metals used 
at those plants from which the scrap was obtained. Under these condi- 
tions, the alloy content of the scrap metals can be utilized to best 
advantage. 

Specifications for scrap metals vary to a large extent, although there 
is a tendency to adopt- the classification proposed by the American 
Foundrymen’s Association or the Railway Storekeepers 9 Association . 3 
Every foundry should have its own specifications for scrap metals to 
suit local conditions or for special requirements. The kind of metal as 
well as the limiting dimensions, weight, and cleanliness of the pieces 
are g^krally given in the specifications. 

TW6 typical specifications for scrap metals are given here to illus¬ 
trate the limitations which may be prescribed for these foundry materials. 

Specification for Steel Scrap for Foundry “A 99 

Scrap such as steel plate from boiler shops, or drop-forge flashings, or 
structural steel, or steel rails is required. 

Pieces shall be not over 18 inches in length or width, and not less than 
£ inch in thickness. 

Pieces shall range in weight from 2 to 43 pounds. 

Only steel with the sulphur and phosphorus each below O.Ofi per cent 
shall be accepted. 

All steel scrap shall be purchased on the basis of a net ton of 2,000 pounds. 
i :i On rejection, if the material is not according to specification, the seller 
shall pay demurrage and return freight. 

Specification for Cast-Iron Scrap for Foundry “B” 

This material shall consist of broken pieces of machinery in suses which 
^Can be charged into the door of the cupola by one man. 
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The iron scrap shall not be over 18 inches long or wide, and shall b© 
from £ to 6 inches in thickness. 

Pieces shall weigh from 10 to 50 pounds. 

Pieces shall possess evidence of having been machined, such as planed or 
turned surfaces^ drilled holes, etc. 

Under no circumstances shall agricultural machinery scrap, stove-plate, 
malleable iron, grate bars, car wheels, or ornamental castings be accepted. 

Pieces shall be reasonably free from rust and foreign matter. 

All iron scrap shall be purchased on the basis of a net ton of 2,000 pounds. 

On rejection, if the material is not according to specification, the seller 
shall pay demurrage and return freight. 

FUELS 

As heat is required in man}' divisions of foundry practice, fuels are 
an important item of expense in this industry. The foundry fuels 



Courtesy of The Koppers Construction Company 

Fia. 9 .—By-Pbodjct Coke ilant 


include wood, charcoal, coal, coke, oil, and gas. The heating values of 
these fuels are listed in Table XVII in the Appendix. v = 

Wood has a limited but important use in lighting cupolas. Because f 
of its low kindling temperature and long flame, wood is an excellent fowjli 
for starting the fire and drying the lining of a cupola. Charcoal is use <ip|l 
to furnish heat for drying molds, and also. as a cover for moltel^ 
metal in ladles. Bituminous coal in lump form or in,a powdered rtaj &s l 







FUELS 


19 


is generally used in air furnaces, the requirements for this purpose being 
low moisture, low ash, low sulphur, and high volatile content. 

The important use of coke in the foundry is in cupola melting. 
Coke is charged into the cupola in layers and furnishes the heat for 
melting and superheating the cast iron. Coke for the cupola should 
have a porous structure so that combustion will take place rapidly, and 
it should be sufficiently strong to resist the weight of the metal charges 
above the coke layers. Furthermore, the pieces of coke for this pur¬ 
pose should be relatively large, over 4 inches across. The standard 
specifications for foundry coke as established by the American Society 
for Testing Materials places the following limits on the composition of 
this fuel: 

Moisture.maximum 3 per cent 

Volatile matter.maximum 2 per cent 

Fixed carbon.minimum 86 per cent 

Ash.maximum 12 per cent 

Sulphur.. maximum 1 per cent 



The two types of coke which are employj&i MEAT,NC FLUES 
extensively for cupola melting are by-proa- 
uct coke and beehive coke. The processes 
used in producing foundry coke will now be 
described. 

» 

By-Product Coke 

The by-product coking process is accom¬ 
plished in closed retorts which are heated 
externally. Each oven contains a group of 
about 30 retorts as is illustrated in Fig. 9. 

The retorts are constructed of a refractory 
material, and are about 10 feet high, 17 
inches wide at one end, 20 inches wide at 
the discharge end, and 40 feet long. A cross 
section of a retort and of the heating 
chambers is shown in Fig. 10. The coal chamber 

%hich is charged into the top of each retort Fia. 10 — By-Pboduct 
is heated by gas burning in the adjoining flues. Coes. Retort 

fjpjpth this arrangement, the total coking 

r ;'$jwiod for foundry coke is about 36 hours, When the coking process is 
plOMnpleted in any. retort, the end. doors are'removed, and aitfechanical 
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pusher forces the contents of the retort out at one end of the oven. 
The hot coke is then quenched with water. In the by-product coking 
process, the mass of coke is separated by a cleavage plane which extends 
for the full length of the retort and is midway between the two walls. 
Consequently, the pieces of by-product coke have a maximum length 
equal to one-half of the width of the retort. 

Beehive Coke 

A beehive oven is constructed of fire brick and has a hemispherical 
shape with a flat bottom as shown in Fig. 11. An opening is provided 
in the top of the oven for introducing the coal and for discharging the 



Fig. 11.—Beehive Coke Oven 

waste gases. An arched doorway at the bottom is used for admitting 
air and removing the coke. About 8 tons of coal are charged into 
the oven from a car on a track above the oven. The coal is leveled by 
means of a scraper which is operated through the doorway; then the 
doorway is bricked up within a few inches from the top. The reserve 
heat in the lining raises the temperature of the coal to that at which 
the volatile matter is evolved. The coking proceeds from the top 
downwards, and the burning of the gas is regulated by closing the open- ; 
ing for the air supply. At the end of the coking period, which requires ^ 
72 hours, the door is tom down, and the coke is sprayed with wat 
before being withdrawn from the oven. This method of coking 
the formation of vertical shrinkage cracks through the coke bed, |np 
for this reason the length ; ©f pieces of beehive coke may be equal to tint' | 
depth of the coke bed. Beehive coke has a silvery appearance due*.p 
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to the precipitation of finely divided carbon in the cells of the coke as 
a result of quenching within the oven. 

Fuel Oil 

Fuel oil is the term applied to any of the products from petroleum 
which are used for heating purposes. As a rule, fuel oil is purchased 
on specifications to suit individual requirements. The higher the spe¬ 
cific gravity, the greater is the heating value per gallon. 

Gas 

On account of the ease of regulation and the cleanliness of gas, this 
fuel is often used in core ovens and for other heating purposes in the 
foundry. 

FLUXES 

The sand and clay which are charged with the metals, the ash from 
the fuel, and the oxides formed during melting produce a viscous slag 
within the melting furnace, which may collect in sufficient quantity to 
interfere with subsequent melting. In order to obtain a free-flowing 
slag which can be tapped from the furnace, it is necessary to include with 
the furnace charges a material known as a flux which will combine with 
the slag and lower its viscosity. 

Limestone 

The principal fluxing agent used in the foundry is a natural rock 
containing calcium carbonate and magnesium carbonate. A high-cal¬ 
cium limestone is usually preferred in cupola practice. The undesirable 
constituents in limestone for fluxing purposes are silicon oxide, iron 
oxide, and aluminum oxide. These compounds decrease the proportion 
of available lime in the flux, and should not exceed 3.00 per cent of the 
weight of the stone. Sulphates and phosphates are objectionable in a 
fluxing stone, and should not be present in amounts greater than 0.02 
per cent in either case. The limestone which is to be used as a cupola 
flux should be a screened product between \\ and 2\ inches in size. 

'^fluorspar 

miky. Calcium fluoride is an important fluxing agent, which is present in 

l^ptWspar. This mineral is found chiefly in. Illinois and Kentucky. 

L Fluorspar is very effective in lowering the viscosity of slags in melling 
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furnaces and is often used in combination with limestone. A satisfac¬ 
tory grade of fluorspar for fluxing purposes contains more than 85 per 
cent of calcium fluoride, less than 3 per cent of silica, and the remainder 
of calcium carbonate. The pieces of fluorspar for use in the cupola 
furnace should be from \ to 1^ inches in size. 

Soda Ash 

Soda ash (fused sodium carbonate) is an active flux which may be 
used in conjunction with limestone to increase /the fluidity of furnace 
slags. This material is usually supplied in the form of cakes weighing 
about 2 pounds each. 

REFRACTORIES 

The refractory materials which are required in foundry practice 
include sands, fire clay, ganister, and some manufactured products such 
as fire brick and crucibles. These materials are used in the preparation 
of molds, and for the linings of furnaces and ladles. Although resistance 
to high temperatures is the chief characteristic demanded of refractories, 
other requirements such as resistance to abrasion as well as resistance to 
chemical reactions with furnace gases and slags are also important. 

Refractory materials are of three types, designated as acid, basic, and 
neutral. These divisions are dependent on the chemical properties of 
the materials. The acid refractories have in common a high silicon 
content, and include silica sand, ganister, and siliceous fire clays. The 
basic materials are lime, magnesia, and iron oxide. Neutral refractories 
are usually made from ores which contain chromium oxide. 

In the selection of refractories for furnace linings, it is important to 
take into account the nature of the slag to which the refractories will 
be exposed. Acid slags at furnace temperatures attack basic linings; 
likewise, basic slags destroy acid linings. It is therefore necessary to 
provide refractories which will not be unfavorably affected by the estab¬ 
lished furnace practice. 


Foundry Sands 

This group of refractories may be divided into molding sands, core 
sands, furnace sands, and blasting sajkle. f ; 

Requirenients of Molding Stads.^The composition of molding san*& 
must be such th&t it wi$ resist /the hcaj^to. #uch it is subjected, withfeV 
fusing. The severity of this f$quire*fiieht ^ depend upon the metaSjjf 


for which the molds are prepared. 


is poured at a higher tempei^V^g 
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ture than cast iron. Therefore, the molds for steel castings must have 
a greater resistance to heat than is necessary for iron castings, and these 
molds are usually made of silica sand bonded with a small proportion of 
fire clay. Iron oxide or the compounds of calcium, sodium, and potas¬ 
sium lower the fusing temperature of the sand. 

Molding sands must be sufficiently permeable to allow the gases 
which are generated within the molds to be removed freely when the 
molds are poured. This property is affected to a large extent by the 
distribution of the grain sizes of the sand. Rounded grains of uniform 
size are most favorable for obtaining high permeability. The presence 
of large proportions of clay or other finely divided material will cause 
low permeability. Therefore, the smallest amount of clay which will 
produce the necessary bond in the sand should be used. 

The strength of molding sand must be sufficient to permit the mold 
to be formed to the desired shape and to retain this shape until the 
metal in the casting has solidified; this condition is obtained by the 
presence of clay or other adhesive material in the sand. The sands 
used in molds for brass and aluminum* have a smaller grain size than 
the sands used in molds for iron castings, a condition necessary on 
account of the tendency of the non-ferrous metal alloys to seep into the 
mold surfaces. 

Test Methods for Molding Sands. —The investigation of molding 
sands includes the determinations of the proportions of the components 
in the sand, as well as the measurement of the properties conferred by 
these components to the sand. Molding sands contain, in addition to 
silica grains, some clay or bonding substance and moisture. Tests on 
molding sands include the determinations of moisture and clay, as well 
as the distribution of the sizes of the silica grains. The apparatus which 
is used in washing the clay from the sand grains in the determination of 
clay substance is shown in Fig. 12. Except for detecting certain unde¬ 
sirable elements such as sodium, potassium, calcium, and magnesium, 
the ultimate chemical analysis offers little assistance in establishing the 
quality of molding sands. 

The important physical properties of molding sands are the strength 
of the sand in the moist state, known as green strength; the strength of 
the sand after it has been dried in a test specimen, known as dry strength ; 
and the permeability or venting property of the sand. ^The most satis- 

e ry method for determining the green and dry strengths of a molding 
is to measure the ma^^um eompressive ldads sustained by sped- 
which have been prepared & a standard way. In the determina- 
L tion of the permeability ormol^g sands, the rate at which; a definite 
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volume of air passes through a sand specimen of standard dimensions 
is measured by means of the permeability apparatus. The established 
test methods for the investigation of molding sands are given in the 
Appendix. Most producers of molding sand for iron foundries grade 
their product according to the classification established by the American 
Foundrymen’s Association. This method of grading sand is based upon 



Fig. 12.—Sand-Washing Apparatus 

the clay content, as well as upon the predominating grain size of each 
sand. 

Sources of Supply of Molding Sands.—The chief sources of supply 
of natural molding sand for iron, brass, and aluminum practice arc in 
the Albany district of eastern New York, in the northern and central 
parts of Ohio, and in the southern part of Indiana. Most of the nat¬ 
urally bonded steel sand is produced in Pennsylvania and New Jersey. 
The tendency at the present time is to prepare synthetic molding sands 
from mixtures of clean silica sand and mineral binders such as fire clay 
and bentonite. 

Core Sands. —The sands used for making cores generally contain _ 
clean silica grains with little or no clay. These sands may be classified^ 
into two ranges of grain size. The sands which are found most abun-« 
dahtly along the eastern shore of Lake Michigan and are known as* 
lake sand or dune sand will in large part pass a 40-mesh sieve and be 

■ ■ 
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retained on a 70-mesh sieve. Sands of this grain size are also found 
along the Atlantic and Pacific coasts. Another type of core sand which 
is sometimes designated as bank sand will pass a 50-mesh sieve and be 
retained on a 200 -mesh sieve. 

Core sands should contain the minimum amount of clay or other 
finely pulverized material which would interfere with the permeability 
of cores made with them. Also, they should be as free as possible from 
shells or other fluxing constituents which would decrease the refractori¬ 
ness of the sand. Vegetable matter such as roots and leaves cause the 
formation of gas in cores, and should not be present in core sands. 

Furnace Sand and Blasting Sand. —The sand which is used in mix¬ 
tures for furnace bott oms or for ladle linings is high in silica content and 
low in fluxing constituents. Blasting sand is a carefully graded silica 
sand of large grain size. A large 4 amount of silica sand for foundry use 
is produced in the Ottawa district of Illinois. The St. Peter’s sandstone 
found in this section is disintegrated by hydraulic means, washed with 
water, dried, and screened into definite sizes. This product contains 
rounded grains of practically pure silica. 

Fire Clay 

Fire clay is a mineral product consisting essentially of hydrated 
aluminum silicate. Good fire clays should contain the minimum amount 
(less than 3 per cent) of fluxing constituents such as iron, calcium, mag¬ 
nesium, sodium, and potassium compounds. Pure clay or kaolin has 
the formula Al 203*2 Si 02 - 2 H 20 and contains 39.5 per cent alumina 
(AI 2 O 3 ), 46.6 per cent silica (SiC> 2 ), and 13.9 per cent water. If the 
proportion of silica in a fire clay is higher than this amount, it is termed 
an acid or siliceous clay. When the silica content is lower, the fire clay 
is termed basic or aluminous. 

The flint fire clays approach the composition of kaolin, and have 
low plasticity when mixed with water. The melting temperature of 
these clays is about 3200 degrees F. The plastic fire clays, on the other 
, hand, are high in alumina, and their softening temperatures are lower 
* than those of the flint clays. 

Fire clay i$ mixed with silica sand or ganister for use in patching 
furnace walls and ladles. Another important use of fire clay in the 
foundry is for bonding molding sand, either in the preparation of new 
In molding sand mixtures, or for re-bending used sands. These applica- 
I tions require fire clays which are fairly plastic and also resistant to high 
temperatures. 
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Bentonite. —A material which is being employed successfully as a 
bonding agent in the preparation of synthetic molding sands, as well as 
in the reclamation of used molding sands, is a clay-like mineral known 
as bentonite, deposits of which are located in Wyoming and South 
Dakota. The outstanding characteristic of bentonite is its exceedingly 
sticky nature when it is wet with water. The weight of bentonite 
required to produce a given strength in a synthetic molding sand is much 
less than the weight of fire clay necessary for this purpose. 

Ganister 

This is a dense high-silica rock having favorable heat-resisting quali¬ 
ties. The ganister is often crushed to small sizes and mixed with fire 
clay and water for rammed-up linings of furnaces and ladles. Blocks 
of ganister are sometimes used in the construction of furnace walls. 

Fire Brick 

As the cost of maintenance of furnaces depends to a large extent 
on the refractory materials from which the linings of the furnaces are 
constructed, the selection of fire brick should receive attention. The 
materials used in the manufacture of fire brick and the important char¬ 
acteristics of the various types of fire brick will now be described. 

A standard fire brick has dimensions of 9 by 4^ by 2\ inches and 
weighs from 7 to 8 pounds. Another size which is designated as split 
brick is 9 by by 1^ inches and is commonly used for ladle linings 
and for repairs to cupola finings. High-grade fire clay bricks are pro¬ 
duced from mixtures of crushed flint clay and plastic fire clay. These 
bricks are usually burned at temperatures of 2100 to 2400 degrees E. 
Fire clay bricks are low in heat conductivity, and are therefore satis¬ 
factory for heat-insulation. They are almost neutral in character, and 
are well suited to many furnace conditions. Another advantage of fire 
clay refractories is the low cost of these products. 

Certain minerals which contain a large proportion of alumina such 
as the bauxite clays and sillimanite are used in the making of high- 
alumina refractories. The valuable property of these refractories is 
that they, will withstand large loads at relatively high temperatures. 4 

Silica bricks are prepared from finely ground ganister and about 2 
per cent of lime. After being formed to the desired dimensions, they 
are burned at high temperatures for a long time. Because silica bricks^ 
are extremely sensitive to temperature changes, they are used only in 
walls and roofs of furnaces which are operated almost continuously. 


-m-. 
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Magnesite bricks are made of calcined magnesite ore, and are molded 
to shape without additional bonding material. These bricks expand 
considerably when heated and are relatively weak at high temperatures. 
They are used mainly in the linings of basic open-hearth furnaces. 

A chromite ore which contains largely iron oxide and chromium oxide 
is used in the making of chrome bricks. These bricks are neutral to 
reactions at high temperatures and are therefore often placed in furnaces 
between courses of acid and basic refractories. An advantage of chrome 
bricks is that they are not attacked by iron oxide slags. 

Cupola Blocks 

The linings of cupola furnaces are usually constructed of standard 
fire bricks and larger blocks which form segments of circles when they 
are assembled. Several sizes of cupola blocks can be obtained from 
manufacturers of refractories. A size which is often used is inches 
in thickness with a face 9 by 6 inches. 

Graphite Crucibles 

In making graphite crucibles, high-grade fire clay and water are 
added to flake graphite to produce a plastic mixture. Silica sand is also 
used in the mixture to decrease the changes in volume resulting from 
changes in temperature. The crucibles are formed to the desired shape 
in a way which permits the flakes of graphite to overlap so as to obtain 
maximum strength in the crucibles. The dimensions and capacities of 
standard sizes of crucibles are given in Table XVIII in the Appendix. 
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REVIEW QUESTIONS 

I 

What conditions control the chemical composition of pig iron produced at any 
blast furnace? 

II 

What methods are used in classifying pig iron? 

III 

What requirements should be stated in specifications for pig iron? 


IV 

What alloy of chromium is used in adding this element to cast iron? 

V 

Explain the importance of using only carefully selected grades of scrap metals. 

VI 

What should be included in specifications for a cupola flux? 

VII 

Outline the specific uses of the different foundry fuels. 

VIII 

Account for the difference in size of cupola coke produced by two processes. 

IX 

What requirements should be given in a specification for cupola coke? 

X 

Outline the uses of the refractory materials required in foundry practice. 

XI 

What are the important physical properties of molding sands? 

XII 

Explain the meaning of No. 4 E molding sand for the iron foundry. 

xm i; 

What are the requirements for foundry core sand? 

XIV 

What kind of sand is satisfactory for refractory mixtures to be used in patching 
melting furnaces? 
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XV 

What are the differences in composition and qualities of flint clays and plastic 
clays? 

XVI 

What are the advantages of fire clay refractories? 

XVII 

Define acid, basic, and neutral refractories, and give an example of a material 
in each of these groups. 

XVIII 

What materials are used in making graphite crucibles? 

XIX 

Find the price of a graphite crucible having a capacity of 200 pounds of a copper- 
base alloy. 

XX 

What are the characteristic properties of bentonite? 

XXI 

Describe the equipment and procedure for testing molding sands. 


XXII 

What references may be used for specifications for foundry materials? 



CHAPTER III 


MOLDING PRACTICE 

CONSTRUCTION OF SAND MOLDS—MOLDING PROCEDURE—PRES- 
SURES IN MOLDS—PATTERN EQUIPMENT— Pattern Materials—Pattern 
Identification Markings—Loose Patterns—Mounted Patterns —Patterns Mounted 
in Vibrator Frame—Cope and Drag Mounts—Match Plates— Patterns Built on 
Special Machines —TYPES OF MOLDS— Green-Sand Molds —Skin-Dried Molds 
—Mold Coatings —Dry-Sand Molds—Loam Molds—Metal Molds —Die-Casting 
Process—Permanent-Mold Process—Centrifugal Process—MOLDING METHODS 
—MOLDING OPERATIONS—MOLDING MACHINES— Squeezer Machines— 
Jolt Machines—Sandslingers — Combination Molding Machines. 

Metal castings are obtained by pouring molten metal into cavities 
formed in sand or metal molds and allowing the metal to solidify. In 
the making of sand molds, suitable mixtures of molding sand are rammed 
around patterns which are removed after the impression has been pro¬ 
duced. In order to compensate for the contraction of the metal when 
it solidifies and cools, the patterns are usually made somewhat larger 
than the dimensions required on the finished castings. Also, it is 
desirable to have the patterns slightly tapered so that they can be 
removed from the molds without tearing the sand. 

CONSTRUCTION OF SAND MOLDS 

A sand mold is made within a frame of wood or metal known as a 
flask which may be of any size or shape to accommodate the pattern to 
be used in it. Each flask has two or more sections, depending upon the 
design and size of the castings to be produced. The top section of the 
flask is the cope, the bottom section is the drag, and any intermediate 
sections are the cheeks. Pins and lugs are attached to the flask as 
shown in Fig. 13 to insure positive alignment of all sections when the 
mold is closed. A bottom board supports the sand in the drag. In 
order to carry the sand in the cope of a large mold, bars are fastened 
securely across this section of the flask. Gaggers are the Lrshaped 
pieces of steel or cast iron which are used to hold up pockets of sand s 
in the cope as illustrated in Fig. 13. M 

The mold cavity contains, in addition to the impression for the castrf 
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-Drag Rammed and Bottom Board 
in Position 

Drag ready to roll over. 


CATE PIN 


of the pattern and the cope section of the flask are then assembled as 
shown in Fig. 18. Some 
parting sand is sprinkled 
on the surface of the sand 
in the drag to enable the 
two parts of the mold to 
be separated later. The 
opening for the gate is 
formed around a pin which 
is set on the sand in the 
drag. A layer of molding 
sand is now riddled over 
the pattern in the cope, 
and the sand is rammed 
well around the pattern 
and the gate pin. More 
sand is added, and the 
cope is rammed in the 
same way as in preparing 
the drag. Before remov¬ 
ing the gate pin, the open¬ 
ing at the top of the cope 
is enlarged to form a pour¬ 
ing basin. The cope is 
then lifted off and is turned 
over on the mold board. 

The two parts of the pat¬ 
tern are rapped and drawn 
carefully from the sand. 

If any portion of the mold 
is broken in this process, 
it is patched and all loose 
sand is removed from the 
mold cavity. It is neces¬ 
sary to cut a runner in the 
top of the drag from the 
impression left by the gate 
pin to the cavity for the 
lasting. Also, the core 
'lifbust be set in the print 
4 left by the pattern in the drag. When the mold is closed as shown in 



Fig. 18. —Drag Rolled Over 

Cope ready to ram. 



Fig. 19 .—Pattern Removed, Runner Cut, 
Core Set, and Mold Closed 
M old raady to pour. 
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Fig. 19, the alignment of the cope and drag is assured by the fitting of 
the pins and lugs on the flask. Before the mold is poured, the two parts 
of the flask are clamped together or weighted to prevent the cope being 
raised by the pressure of the metal as it fills the mold. 

Different methods can be used in making molds for a given design 

of casting. The drawings in 
Fig. 20 show four ways for mold¬ 
ing a sheave wheel. Beginning 
at the top, the first method utilizes 
a two-part flask with a dry-sand 
core placed in the mold to form 
the groove of the sheave. The 
pattern is made solid and is pro¬ 
vided with a projection to form 
a seat for the core. The molding 
procedure is about the same as 
that described for making the 
pulley. 

In the second method, a three- 
part flask is employed and the 
groove of the sheave is formed 
by the cheek of the mold. In 
this method, as well as for each 
of the following molding methods, 
the pattern is split horizontally 
through the center. The assem¬ 
bled pattern is placed on a mold 
board which has been cut away 
to embed the pattern to the part¬ 
ing surface, and the cheek sec¬ 
tion of the flask is put around 
it. Molding sand is rammed in 
the cheek, and parting sand is 
sprinkled on the parting surface. 
The drag section of the flask is then placed on the cheek, and the drag 
is rammed. After a bottom board is placed on the drag, the assembly 
is rolled over. Parting sand is sprinkled on the upper parting sur¬ 
face, and the cope is rammed with the gate pin in place. The cope 
is then lifted off, and the top half of the pattern is removed from : 
the mold. After the cheek is lifted off, the other half of the pattern 
is removed from the mold,' The cheek is then replaced, the center 




Fig. 20.—Methods foe Molding 
Sheave Wheel 
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core is set, and the cope is put on the cheek. The mold is now ready 
to pour. 

In the third molding method, one-half of the pattern with the split 
side down is placed on a mold board, the cope section of the flask is 
placed around it, and sand is rammed into the cope with the gate pin 
in place. After the cope is rolled over, the first parting is made to the 
maximum diameter of the rim on the pattern. Parting sand is sprinkled 
on this surface, the other half of the pattern is put in place, and sand is 
rammed into the groove. A second parting is then made sloping down 
to the first one as shown on the drawing. Parting sand is sprinkled on 
this surface, the drag section of the flask is placed over the cope, and 
the drag is rammed. The drag is then lifted off and the bottom half of 
the pattern is removed from the sand. After the drag is replaced, the 
mold is rolled over, the cope is lifted off, and the upper half of the pat¬ 
tern is removed from the sand. When the center core is set and the 
cope placed back on the drag, the mold is ready to pour. 

In the fourth method for molding the sheave, a metal plate is pro¬ 
vided in the mold to carry the sand which forms the groove of the 
sheave. The assembled pattern is placed on a mold board, and the 
lifting ring is put upside down around the pattern. The drag section 
of the flask is set in place and the sand is rammed in the drag. After 
this part of the mold is rolled over on a bottom board, sand is rammed 
into the groove of the sheave pattern. The parting is then cut to the 
center of the upper flange, and parting sand is sprinkled on this surface. 
The cope section of the flask is put on the drag, and the cope is rammed 
with the gate pin in place. The cope is then lifted off and the top half 
of the pattern is removed from the sand. After the lifting ring, which 
carries the green-sand core, is taken out of the mold, the lower half of 
the pattern is removed from the sand. The plate is then returned to 
the mold, the center core is set, the cope is replaced on the drag, and the 
mold is ready to pour. 

Smooth surfaces can be obtained on molds for castings which are to 
be electroplated or enameled, by an operation known as printing back. 
This procedure consists of dusting a coating of powdered talc, plumbago, 
or charcoal on the surface of one part of the mold and replacing the 
pattern carefully. The pattern is tapped lightly to make sure that the 
entire mold face is in contact with the smooth surface of the pattern, 
and the pattern is then removed. . On account of the extra labor and, 
expense required for this operation, it is used only to a limited extent 
in molding. , * 

Metal surfaces known as chills are provided in some molds to accel- 
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erate the cooling of the metal at definite locations, as in the chilled-iron 
car wheel shown in Fig. 21. Chills are also used to hasten the solidifica¬ 



tion of the metal at certain sections of castings and thereby tend to 
eliminate the presence of shrinkage cavities in these sections. 


PRESSURES IN MOLDS 

When metal is poured into a mold, certain pressures are produced 
on all surfaces within the mold cavity. The magnitude of the static 
pressure on any area of the mold is directly proportional to the head of 
liquid metal above that area. As the weight of 1 cubic inch of cast 
iron is 0.26 pound, the pressure in pounds per square inch at any point 
is equivalent to the head of metal in inches at that point multiplied by 
0.26. The total pressure exerted on the inside surface of the cope of a 
mold is determined by multiplying the average pressure on this surface 
by the area of the vertical projection of the cope in contact with the 
metal. If the total lifting force on the cope is not entirely resisted, the 
cope will be raised and metal will flow from the mold at the joint. The 
static pressure exerted on the cope of the mold shown in Fig. 22 is equiv¬ 
alent to the height in inches of the metal in the sprue multiplied by the 
area in sqpiare inches of the cope which is exposed to the metal, and 
again multiplied by the factor 0.26. If the casting is poured with a 
copper-base alloy, the factor will be 0.31. It is also necessary to take 
into account the additional pressure on the cope caused *by the momen- 
turn of the metal as it fills the mold cavity. To meet this condition, the -J 
maximum pressure on the cope may be considered as equivalent to two 
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times the static pressure. Whereas the weight of the cope alone may 
be sufficient to resist the pressure developed within a mold, it is usually 
necessary to place an additional weight on the finished mold, or to 
clamp the mold together before it is poured. The flask equipment is 
made sufficiently rigid to overcome the lateral pressures developed 
within a mold. 

The pressures produced by liquid metal in a mold are transmitted in 
all directions and act perpendicularly to the mold surfaces. If the 
molding sand has not been rammed sufficiently hard so as to resist the 
pressures caused by the liquid metal, the mold cavity will be enlarged 



Fig. 22.—Mold fok Iron Casting 

W = Weight in pounds to resist ferrostatic pressure. 

H ■* Height of sprue in inches. 

T = Thickness of casting in inches. 

A = Area in square inches of sand in cope in contact with metal (not on drawing) 
PC = Pressure on the cope in pounds per square inch. 

PB * Pressure on the bottom of the mold in pounds per square inch. 

PC = H X 0.2G 

W = A X PC minus weight of cope 
PB = (H + T) X 0.2G 


at those locations where the mold is too soft. Therefore, it is important 
to adjust the ramming of every sand mold according to the pressures 
developed at various parts of the mold. The sand at the bottom of the 
mold shown in Fig. 22 is subjected to a pressure which is dependent 
upon the combined height of the cope and the casting. 

As the density of sand cores is less than the density of cast iron or 
other metals, cores will tend to rise when they are surrounded by mol¬ 
ten metal. The force required to hold a core in place is equivalent 
to the weight of the metal displaced by the core, in excess of the 
weight of the 'core. Whenever the conditions are such that cores 
^ can not be made with enough strength, to hold to the desired positions 
^Hn molds without other supports, they are secured in place by pieces 
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Fig. 23. —Mold with Cores 

Metal chaplets hold cores in place. 


4 






I J K 

Fig. 24.—Chaplets 


A—Double, round head chaplet made in many sizes 
for light or heavy loads.. 

B—One-piece chaplet with double, rectangular head. 

C—Hound and square head chaplet. 

D—E —F—Perforated chaplets made in many sizes and 
shapes for supporting round or flat cores. 

G—Single, rectangular head chaplet with straight 
stem. 

H—Single, round head chaplet for supporting heavy 
loads. 

I—Shell chaplet. 

J—Bridge or saddle-back chaplet. 

K —Ventilated chaplet for castings requiring small 
cores. 



of metal known as 
chaplets. As a rule, 
chaplets have relatively 
thin sections which fuse 
readily in the metal of 
the castings. In the 
mold shown in Fig. 23, 
both the weight of the 
core and the floating 
action of the core in the 
metal are resisted by 
chaplets. The lifting 
force on a core which is 
surrounded by molten 
cast iron is approxi¬ 
mately three and one- 
half times the weight of 
that portion of the core 
which is submerged in 
the metal. When long 
cores are used in a mold 
to form the internal 
surfaces of castings, 
these cores are often 
supported at two or 
more points by chaplets 
as illustrated in Fig. 55 
in Chapter IV. Chap^ 
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lets are supplied in many shapes and sizes for a variety of applications 
in molding. Some of the more generally used forms are shown in 
Fig. 24. Those used in molds for iron and steel castings are made of 
steel and coated with tin to resist corrosion. 

PATTERN EQUIPMENT 

The rate of production as well as the uniformity of sand molds are 
dependent to a large extent on the pattern equipment with which any 
foundry is supplied. In recent years the demands from many lines of 
industry for large numbers of castings of standard designs have led to 
the extensive use of mounted patterns and power-operated molding 
machines. 

Pattern Materials 

Patterns may be constructed of any material which will retain the 
exact outline of the design for the required number of molds. Wooden 
patterns are generally used when a small number of castings are to be 
produced. White pine, yellow pine, and mahogany are commonly 
selected for this purpose. The disadvantages of wood are that the 
dimensions of these patterns are subject to change in storage, and that 
wood is less resistant to hard use than some other materials. In order 
to withstand continual service on molding machines, metal patterns 
made of copper, brass, aluminum, or cast iron are preferred. Most 
working patterns are prepared from metal castings, which in turn are 
made from wooden patterns. The weight of a casting can be estimated 
from the weight of the pattern by the use of the factors listed in Table 
XIX in the Appendix. 

Pattern Identification Markings 

To provide correct information for the molder, so as to eliminate 
errors in molding, a standard method of marking patterns has been 
adopted by the American Foundry men’s Association . The following 
colors are specified to designate certain parts of patterns: black for sur¬ 
faces which are to remain unmachined or unfinished, red for machined 
or finished surfaces, yellow for core prints, red stripes on yellow back¬ 
ground for seats for loose pieces, and black stripes on yellow background 
for stop-off pieces. 

Loose Patterns 

Pattern equipment may be classified into three groups which are 
designated as loose patterns, mounted patterns, and patterns built on 
special machines. Patterns which are molded by hand and are not 
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attached to a frame or a plate are known as loose patterns. The sim¬ 
plest type of loose pattern is a piece having the shape and approximate 
dimensions of the desired casting. A loose pattern may be m one piece 
or consist of two or more parts which join on surfaces corresponding 
with the partings in a mold. Furthermore, the gates may be attached 
to loose patterns in order to save time in molding. 




For some designs of patterns, a flat mold board is used to support 
the pattern while the drag is being rammed. (See Fig. 16.) The prep¬ 
aration of molds from other patterns requires considerable labor in 
forming the parting surfaces. To facilitate the making of molds from 
a loose pattern which has an irregular parting, the pattern can be sup- , 
ported in a form corresponding to a cope while the drag is being rammed.- 
This device for establishing the parting surface is known as a follow 
board, green-sand match, hard-sand match, or plaster-of-Paris match, 
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depending on the material used in making this temporary support for 
the pattern. 

A follow board is often used to assist in making molds from a loose 
pattern of large or small size. For this purpose, a wooden board is 
carved out to conform to the irregularities in the pattern so that the 
pattern can be embedded in the board up to the parting line. When 
making a mold, the pattern is placed on the follow board, the drag 
section of the flask is put over the pattern, and sand is rammed in the 
drag. After the bottom board has been placed on the drag, the assem¬ 
bly is rolled over, and the follow board is lifted from the drag. Sand is 
then rammed around the pattern in the cope, and the mold is completed 
in the usual way. 

When a green-sand match is to be made, molding sand is first 
rammed in the drag and the parting is cut by hand. Then a wooden 
frame is placed over the drag, and the cope which is to serve as the 
match is made by ramming new molding sand within this frame. The 
molding material used in making a hard-sand match is prepared by 
mixing 1 quart of linseed oil and 4 ounces of litharge with 15 pounds of 
dry molding sand. This mixture is rammed into the frame above the drag 
and becomes very hard after standing for a short time. The use of a 
hard-sand match in molding a loose pattern of irregular shape is illustra¬ 
ted in Fig. 25. The pattern is supported in the match while the drag is 
being rammed. A match can also be made of plaster-of-Paris by 
pouring a mixture of this material and water into the frame which is 
placed over the green-sand drag. 

Mounted Patterns 

When a large number of 
castings of a given design 
are required, the molding 
operations will be facili¬ 
tated by mounting the 
pattern in a frame or on 
a plate. More accurate 
molds can be produced 
with mounted patterns 
than is possible with loose 
patterns. 

Patterns Mounted on Vibrator Frame. —To assist in the removal of 
^patterns from sand molds, the patterns may be attached to a frame 
which extends beyond the outside dimensions of the flask. With this 
; Arrangement, it is possible to vibrate the patterns while they are being 



Fig. 26. —Patterns on Vibrator Frame 
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drawn from the molding sand. Furthermore, the guides on the vibrator 
frame aid in effecting a satisfactory draw. A hard-sand match is gen¬ 
erally used to support the patterns and to provide the correct parting 
while the sand is being rammed into the drag. One or more loose pat¬ 
terns may be mounted on a metal frame as shown in Fig. 26. 

Cope and Drag Mounts.—The patterns for large castings are often 
mounted with the necessary gating on separate boards to form the cope 
and the drag portions of the molds. In some cases, two molding 
machines with cope and drag mounts are operated alongside one another 
for the preparation of the complete molds. Less time is required in 
preparing a mold with a mounted pattern than in molding a loose pat¬ 
tern of the same design. Furthermore, the life of a mounted pattern is 
much longer than that of a loose pattern. 

Match Plates.—A convenient method for molding a number of small 
patterns is to mount them so that parts of the patterns are on each 
side of a wooden board or metal plate. The patterns and plate can 

also be cast in one piece 
with aluminum or a 
cement mixture. This 
pattern equipment, which 
is known as a match 
plate, is ordinarily used 
between the cope and drag 
sections of a snap flask as 
indicated in Fig. 27. The 
two sections of the snap 
flask have hinges and latch¬ 
es at opposite corners so 
that the flask can be opened 
and removed from the 
completed molds. When 
making a mold with this 
equipment, the drag side 
is first filled with sand 
after some parting ma¬ 
terial is sprinkled upon 
the plate. The sand is 
rammed in the drag and then struck off level with the top of the flask. 
After the bottom’board is placed on the sand, the flask is turned over. > 
Parting material is now shaken bn the cope side of the plate, and sand “ 
is rammed well around the edges Of the cope. If the mold is to be 
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Fig. 27.*— Snap Flask and Match Plate 
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squeezed in a machine, a board is placed on the sand in the cope. Pres¬ 
sure is then applied between the squeezer board and the bottom board, 
both of which are smaller than the inside dimensions of the flask. After 
the mold has been squeezed, the squeezer board is removed, the sprue 
opening is cut in the cope sand, the vibrator is started, and the cope 
is lifted from the plate. Then the match plate is removed from the 



Courtesy of City Pattern Works of Detroit 

Fia. 28.—Match Plates 


drag portion of the mold. The cope and drag are assembled with the 
aid of the pins and lugs on the flask to obtain accurate alignment. 
After removing the snap flask, the completed mold is transferred on the 
bottom board to the foundry floor. „ In order to hold the mold together 
-and to prevent the metal from running,out at the-joint, a jacket made 
. of wood or metal is slipped Oyer each mold, and a metal weight is placed 
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on top of the cope. The jacket and weight are shifted from one mold 
to another when the molds are poured. 

The advantages of mat ch plates in molding are that the entire mold 
can be squeezed in one operation, the correct parting is automatically 
produced, and the two parts of the mold are definitely aligned when the 
mold is assembled. This method of mounting patterns is illustrated in 
Fig. 28. A great variety of designs of castings are molded with this 
kind of pattern equipment. 

Patterns Built on Special Machines 

Pattern equipment which is employed regularly for the rapid pro¬ 
duction of large numbers of molds is often built, on special molding 

machines. This equipment is 
designed to facilitate the sep¬ 
aration of the pattern and the 
sand after one part of the mold 
has been rammed. Two types 
of pattern equipment are used 
for this purpose. With the 
plain stripper, the entire pat¬ 
tern is drawn away from the 
sand, or the sand mold is 
drawn away from the pattern, 
leaving the mold on supports 
above the pattern. The 
stripping-plate equipment pro¬ 
vides for drawing the pattern 
through a plate which fits 
the outline of the pattern at 
the parting surface. A molding 
machine with two patterns 
and a stripping plate is shown 
in Fig. 29. The patterns are 
lowered through the plate by 
moving the hand lever after 
the sand has been rammed 
around the patterns. Molds 
which have considerable detail 
at the parting surface and 
relatively little draft can be . 
readily produced with stripping-plate equipment. The cost of.;, 
mounting patterns with a stripping plate is much greater than the cost' 



Courtesy of Arcade Manufacturing Company 

Fig. 29.—Molding Machine with Mounted 
Patterns and Stripping Plate 

The cope section of a flask is placed on the machine 
and molding #and is rammed by hand around the 
patterns; then the patterns are lowered through a 
plate on the machine. 
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of mounting patterns which are drawn by a plain stripping operation. 
The construction and operation of these two types of pattern equip¬ 
ment are indicated in Fig. 30 and 31. Several different molding 
machines which are ar¬ 
ranged for plain stripping 
or stripping-plate opera¬ 
tions will be described 
later in this chapter. 

PATTERNS ON PLATE 



TYPES OF MOLDS 

The following types of 
molds are employed in the 
casting industry: (1) green¬ 
sand molds, (2) dry-sand 
molds, (3) loam molds, and 
(4) metal molds. This 
classification is based on 



Fig. 30. —Principle of Drawing Pattern 
on Plain Stripper Machine 


the materials from which 

the molds are prepared. The advantages and special applications of 
each of these types of molds will now be described. 



Green-Sand Molds 

Green-sand molds are 
prepared with natural 
molding sands or with mix¬ 
tures of silica sand, bond¬ 
ing clay, and water. These 
materials are thoroughly 
mixed in proportions which 
will give the desired prop¬ 
erties for the class of work 
being done. The surfaces 
of the molds which come 


Fig. 31.— Principle of Drawing Pattern in contact with the molten 
on Stripping-Plate Machine metal must ^ re f ract ory 

as well as permeable to the 
gases formed when the molds are poured. To meet these require¬ 
ments, the practice at some foundries is to use a layer of facing sand 
next to the pattern with ordinary molding sand for filling up the flask. 
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Facing-sand mixtures for iron castings generally contain some finely 
ground bituminous coal known as seacoal, and new sand in addition 
to used molding sand. One part by volume of seacoal to ten parts of 
molding sand is a common ratio in mixtures for molds for iron castings. 
The seacoal aids in preventing the sand from fusing to the surfaces of 
the castings, whereas the new sand increases the bond in the facing 
mixture, and thereby prevents cutting of the sand surfaces by the 
liquid metal. 

Green-sand molds cost less and are used more extensively than any 
of the other types because these molds can be poured as soon as they 
are completed, and the sand can be used repeatedly. Furthermore, 
green-sand molds are softer than dry-sand molds; a condition which 
allows greater freedom in contraction when the castings solidify and 
cool in these molds. 

Skin-Dried Molds.—When hard surfaces are required on green-sand 
molds, a bonding material such as molasses or gelatinized starch is 
added to the facing-sand mixture or is sprayed upon the surfaces of the 
finished molds. A kerosene torch or charcoal fire is then used to remove 
the moisture, thereby hardening the sand. Skin drying is particularly 
adapted to very large molds, or to work which requires accurate detail. 
Molds which have been skin dried must be poured soon after heating; 
otherwise, the hardened surfaces will absorb moisture from the interior 
of the molds and again become soft. 

Mold Coatings. —Castings with smooth surfaces are obtained by 
providing smooth and highly refractory surfaces on the molds. It is 
common practice to coat the surfaces of sand molds with refractory 
materials to prevenTfEe fusing of the sand to the castings and/kTresist 
the cutting action of.£he molten metal. The materials ordinj^rijy used 
for this purpose are^.grap^te, coke, charcoal, silica, mica, and talc. 
These materials may he placed in two groups: the carbonaceous mate¬ 
rials are known as blackings, and" the other materials are designated as 
mineral coatings. 

Refractory coatings may be applied to molds in several ways. The 
finely ground material is often dusted on the mold surfaces from a 
cotton bag; this operation isr usually followed by smoothing the 
surfaces with finishing tools. A soft brush is also used for distrib¬ 
uting the powdered material on the molds. Another procedure is 
to suspend the refractory materials in water to which some binding 
material such as dextrin, molasses, or bentonite is added. After these 
mixtures are sprayed upon the surfaces of the molds,sihe coatings are t 
dried with a torch or by placing the molds in ovensJ ^ Cores are often v 
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blackened in the same way as molds or are dipped in a coating mixture 
and then dried to remove the moisture. 

The blackings are generally used for coatings on molds for gray iron 
castings. A large number of commercial mixtures are available for this 
purpose. However, the blackings are not suited for coatings on molds 
for steel castings, because the carbonaceous material would combine 
with the steel. In the steel foundry, a mixture of powdered silica, 
molasses, and water often serves as a coating for molds. The surfaces 
of these molds are always dried after applying the coating mixture. 

Dry-Sand Molds 

Castings of intricate design and those requiring special smoothness, 



Fig. 32 .—Mold for Pulley 


soundness, and accuracy are often made in dry-sand molds. In the 
preparation of these molds, the facing mixture contains a relatively 
coarse molding sand with some binder such as dextrin, molasses, or gela¬ 
tinized starch. After the molds are finished, they are placed in ovens 
. where they are heated until all moisture has been removed and the bonding 
material has hardened. A large mold-drying oven is shown in fig. 122 
in Chapter XII. * Metal flasks must be used for.* dry-sand molds to 
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withstand the heat in the ovens. These molds can be held for any 
length of time before pouring, provided they are kept dry. 

Molds prepared from assemblies of dry-sand cores are sometimes 
used for cast iron, steel, and other metals. This practice insures free¬ 
dom from gases due to moisture, and makes possible the production of 
castings having intricate detail. The cast-iron pulleys shown in Fig. 32 

were made in molds con¬ 
structed of dry-sand 
cores. Several different 
core boxes were needed 
for this job, but the 
equipment required was 
rather simple. 


Loam Molds 



MOLD 



Loam molds are em¬ 
ployed chiefly in the mak¬ 
ing of large castings for 
which it would be too 
expensive to use full pat¬ 
terns and ordinary flask 
equipment. The molding 
material is a plastic mix¬ 
ture of molding sand and 
water. Loam molds are 
usually formed by the 
use of skeleton* patterns 
or by rotating sweeps 
around a central spindle. 
Cast-iron plates and bars 
serve to reinforce the 
brickwork which retains 
the molding material. 
Objects such as large 
cylinders, round-bot¬ 
tomed kettle^ large gears, and other machine parts are produced in loam 
molds. 

The loam mold shown in Fig. 33 is assembled from three separate 
parts. In addition to the maip body of the mold, the core forms the 
internal surface of the casting, and the upper portion of the mold con- 


BOTTOM PLAT t 
Fig. 33.—Construction of Loam Mold 
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tains the pouring basin for distributing the metal to the casting. All 
surfaces which come in contact with the molten metal are prepared with 
a mixture of loam which is plastered on the brickwork foundation and 
molded to the desired dimensions with the aid of wooden sweeps. The 



Courtesy of Allis-Chalmers Manufacturing Company 

Fig. 34.—Core Being Assembled in Loam Mold 


surfaces of loam molds are blackened and are dried before being assem¬ 
bled. A loam mold in preparation is shown in Fig. 34. 

Metal Molds 

Three commercial processes employ metal molds for the production 
of large numbers of castings. The die-casting process is particularly 
adapted to the making of castings from the low-melting alloys of lead, 
tin, zinc, and aluminum. Iron castings are produced in large quantities 
by the permanent mold process (Holley patents). In another process 
the metal is deposited in metal molds by centrifugal force (de Lavaud 
patents). The industrial importance of these casting processes war¬ 
rants some attention to the equipment used and to the results obtained. 

Die-Casting Process. —Die castings are made by forcing molten 
metal under high pressure into a metai mold or die, and maintaining 
• the pressure until* the metal has solidified. The advantages of die¬ 
casting practice lie in the possibility of obtaining castings of sufficient 
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Fig. 35.—Plunger-Type Die-C asting 
Machine 


/exactness to dispense with many 
j machining operations and in the 
facility for casting thinner sec¬ 
tions than can be produced by 
any other casting method. A 
limit of accuracy within 0.002 
inch of specified dimensions is 
obtained without great difficulty 
by this process. The weights of 
die castings are most commonly 
from a fraction of an ounce to 10 
pounds, although castings weigh¬ 
ing over 20 pounds are being pro¬ 
duced regularly. 

The machines used in making 
die castings are of two types. In 
the plunger-type machine, the 
metal is forced into the die by 
means of a cylinder and piston 
which are submerged in the 


molten metal. The construction of this machine is shown in Fig. 35. 


In the air-operated machine, 

the metal is forced into the 
die by air at high pressure 
on the surface of molten 
metal in the goose-neck as 
illustrated in Fig. 36. 

The metal dies used in 
this process are compli¬ 
cated and expensive, and 
unless a sufficient number 
of castings of a given design 
can be made in one set of 


dies, this method of cast¬ 
ing is not feasible. A set of 
dies for the production of 
aluminum castings is shown 
in Fig. 37. During the 


operation of the die-easting 


AIR(500 lb./ scun 5 



Fig. 36. — A ir-Operated Die-Casting Machine 


machine, the die is .exposed alternately to the casting temperature of 
the metal and to room temperature^ The die must receive and transmit 
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the heat from each casting as it solidifies. These reversals of tempera¬ 
ture produce a state of fatigue in the metal which causes cracks in the 
die after a certain number of cycles. The life of a set of dies depends 
to a large extent upon the alloy used in the castings produced by this 
process. For lead and tin alloys, dies made of carbon steel last almost 
indefinitely. By using dies made of alloy steel, it is possible to produce 
over 100,000 castings of a zinc-base alloy in one set of dies. For alumi¬ 
num-base alloys, the life of a die made of the best alloy steel and cor¬ 
rectly heat treated will permit the making of 100,000 castings. 



Courtesy of Madiaon-Kipp Corporation 


Fig. 37.—Set of Dies fob the Production of Die Castings 

The compositions of the non-ferrous alloys used in making die cast¬ 
ings are given in Chapter XIII. The metals which are employed most 
extensively for thi$ purpose are the zinc-base and aluminum-base alloys4 
Other types of alloys have as predominant elements tin, lead* magnesium, 
or copper. As a rule, the lower the melting point of the alloy, the less 
the cost of making, castings by this method. 

Another process for producing castings from the non-ferrous alloys, 
including some copper alloys, has been described by Pack 2 as press 
casting. In thi^process, a roughly measured quantity of molten metal 
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is poured into a cylinder and is immediately forced into a die by a plunger 
mounted on a power press. A pressure of about 4,000 lb. per sq. in. 
causes the molten metal to fill all parts of the metal die. 

Permanent-Mold Process.—Large numbers of iron castings of many 
designs are made on permanent-mold machines. This equipment con¬ 
sists of thin cast-iron molds which are split vertically and mounted so 
that they can be opened and closed conveniently. The interior surfaces 
of the molds are coated with a thin layer of refractory material, and a 
deposit of carbon is placed on this coating to protect the molds against 



Fig. 38.—Metal-Mold Casting Machine 

Twelve.molds rotate through the cycle of operations. 


the abrasive action of the molten metal. A machine on which metal 
molds are mounted fe’shown diagrammatically in Fig. 38. 

Pouring is done through short gates, and relatively little pressure is 
produced within th^molc^; As $pon as the metal has set, the mold is 
opened and the casting is fjected. A stream of air is supplied to clean 
the surfaces of the mold. :|Then#nother deposit of carbon is made with 
an acetylene flame, and tjie tw<j parts of the mold are air cooled for a 
short time before being ojfbsed and poured again. At the beginning of 
each working period, thejytnolds are heated to a temperature of about 
500 degrees F. before thejrfirst castings are poured. ‘.'The molds are used 
repeatedly for an average production of 15,000 iron castings. Practi¬ 
cally all iron castings made in metal molds are annealed to improve the 
machinability of the metal. 

Large numbers of aluminum castings are made by pouring the molten 
metal at atmospheric pressure into metal molds. These molds are 
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poured so that the portion of the casting farthest from the gate solidifies 
first; this allows the casting to be fed as the metal sets and thus pre¬ 
vents the formation of shrinkage cavities. 

Slush castings are produced by pouring the low-melting alloys of 
lead, antimony, and zinc into metal molds and, after a short interval, 
slushing out the metal which remains in a liquid state. By this means, 
a hollow skin of metal is left in contact with the mold surface; then the 
mold is opened and the casting is removed. This casting process is 
used in making toys, hardware, and a variety of small ornamental 
objects. 

Centrifugal Process. —Cast-iron pipe is produced in large quantities 
by the centrifugal process. The de Lavaud machine shown in Fig. 39 
contains a cylindrical metal mold with a water jacket around the out¬ 
side. Molten iron is delivered from a ladle to a long trough having a 
curved spout at its discharge end. At the beginning of operations, the 
trough is extended for its full length within the hollow mold which is 
rotated at a high speed. The iron is deposited uniformly on the surface 



Courtesy of United States Pipe and Foundry Company 

Fig. 39.—Centrifugal Casting Machine 


of the mold by moving the mold gradually iway from the end of the 
spout as the metal is poured. f* 

The drawings in Fig. 40 show the different? positions of the mold and 
trough during one complete casting cycle. As soon as the metal in the 
mold has solidified, suitable pullers are attached to the bell end of the 
pipe, and the pipe is withdrawn from the mold. After the mold has 
been returned to the opposite end of the bed and a new head core has 
been placed in the bell, the casting cycle is repeated. Each length of 
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pipe is transferred to an annealing furnace immediately after removal 
from the casting machine. Centrifugally cast pipe is made in sizes 
from 3 to 24 inches in diameter and up to 18 feet in length. 

Another method for making cast-iron pipe consists of casting the 
metal centrifugally in molds lined with molding sand. The sand is 
rammed around metal patterns within cylindrical flasks which are sup¬ 
ported in a vertical position on jolt machines. After the patterns are 
withdrawn, the molds are returned to a horizontal position and are skin- 
dried before being placed in position for casting. A definite amount of 

metal is supplied to the 
pouring basin; then the 
pouring end of the mold is 
raised slightly, and the 
metal is delivered from the 
basin to the long trough on 
the casting machine. This 
takes place while the mold 
is being rotated at a high 
speed. As the pouring con¬ 
tinues, the mold is gradu¬ 
ally moved to a horizontal 
position. Following the 
pouring operation, the mold 
and casting are transferred 
to the cleaning department 
where the sand is shaken 
(o) HEAD CORE put IN puace out and the casting is re- 

Fig. 40. —Operations m Making Centrifugally moved from the flask. It 
Cast Pipe is not necessary to anneal 

cast-iron pipe which is 

produced in sand-lined molds by the centrifugal process. 



(c) PIPE EXTRACTED LADLE 
REFILLED 





MOLDING METHODS 

Molding practice for the production of metal castings varies greatly. 
Two factors which affect the equipment and methods for molding are the 
size of the castings and the munber required from each pattern. Mold¬ 
ing methods are designated as bench molding, floor molding, and pit 
molding, depending upon the position of the equipment during the 
preparation of the molds. Molds for small castings! are usually prepared 
on a bench at a convenient working height. These molds are placed on 
the floor or on conveyors for pouring. / When terge patterns are used, 
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the molds are made on the foundry floor, and an overhead crane is 
generally provided to handle the molding equipment. Molds which 
are too large to be constructed handily above the floor are prepared in 
pits below the floor level. 

Molds can be prepared in several different ways. The simplest is 
to make a cavity in the sand on the foundry floor. Open molds have a 
limited use, being suited only 
co the making of weights and 
other rough castings. The 
practice generally followed in 
molding is to prepare copes 
and drags with the addition 
of cheeks when necessary. A 
three-part mold is shown in 
Fig. 13. Another method of 
arranging molds for pouring 
is to place a number of sec¬ 
tions upon one another so that 
all castings can be poured 
through one sprue. This prac¬ 
tice is used in making piston 
rings and a variety of other 
small castings. The drawing 
in Fig. 41 illustrates the 
method of stacking molds. 

When thin castings are poured 
in stacked molds, the metal in 
the castings solidifies so rapidly 
that the pressures developed 
by the head of metal within the molds are relatively small. 

When only a few castings are required from a given pattern, the 
molds are usually made by hand. However, it is more economical to 
use molding machines when a sufficient number of castings are to be 
made from one pattern. By substituting mechanical means for the 
slow, laborious hand operations of molding, it is possible to increase 
production to a larger extent. 

' MOLDING OPERATIONS 

The procedure required in the preparation of a sand mold may be 
divided into major operations and minor operations. Ramming the 
sand against the pattern, rolling the flask over, and drawing the pattern 
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Fig. 41. —Stacked Mold 
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from the sand are essential steps in practically all molding procedure. 
Therefore, these are designated as major operations. The completion 
of the mold requires a number of minor operations such as cutting gates, 
providing vent openings, finishing the mold surfaces, placing cores, 
assembling the cope and drag, and finally clamping these parts of the 
mold. One or more of the major operations can be performed on mold¬ 
ing machines, but the minor operations are usually done by hand. 


MOLDING MACHINES 

Mechanical equipment is used extensively for performing one 
or mere of the operations necessary in molding. In molding-machine 
practice, the sand is rammed against the pattern by squeezing, jolting, or 
throwing the sand into the flask. Some molding machines also reverse 
the position of the flask and draw the pattern from the sand. 

Squeezer Machines 

The squeezer machine is constructed on the principle of a press. 
The mold is rammed by forcing a squeezer board against the sand which 
covers the pattern within the flask. This squeezing action compresses 
the sand most effectively near the squeezer board and is therefore par¬ 
ticularly suited to the molding of relatively shallow patterns. Squeezer 
machines are used extensively in the preparation of molds from match 
plates. The hand squeezer is provided with a leverage mechanism for 
obtaining the desired pressure by hand operation. This type is being 
superseded largely by machines using compressed air within cylinders to 
obtain the desired pressure on the molds. The air is supplied to power 
squeezers at a pressure of about 80 lb. per sq. in. 

Jolt Machines 

Sand can be rammed into a mold by a jolting action obtained by 
raising the pattern mount, flask, and sand, and allowing them to fall 
upon a solid foundation. An air-operated piston within a cylinder with 
the proper valves produces the jolting motion. The density of the sand 
produced by each jolt is dependent upon the head of sand above the 
pattern and the distance through which it falls. The desired amount 
of ramming is obtained by repeated blows on the jolt machine. Plain 
jolt machines are built in many sizes to accommodate large and small 
molds. They operate with a stroke of 1 to 2 inches in length, and at a 
rate of 150 to 250 blows per minute. As the sand is not compressed at 
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The motive-type sandslinger is best adapted to the making of molds 
of large or medium size. This machine travels on a narrow-gage track 
under its own power, and the supply of molding sand is carried in a 
tank mounted on the machine. The tank is filled by a grab bucket or 
at a loading station in the foundry. With the aid of this flexible mold- 



Courtesy of The Beardsley and Piper Company 

Fig. 44.—Portable-Type Sandslinger. 


ing equipment, molds can be rammed in pits as well as on the foundry 
floor. 

Combination Molding Machines 

In addition to ramming the sand, other molding operations which 
can be accomplished by mechanical means are rolling the flask over and 
drawing the pattern from the sand* Molding machines on which a 
combination of operations are performed are usually employed on 
quantity-production work. Rfachines are available on which the sand 
is jolted, the mold is rolled over, and the pattern is drawn by power, 
thus . eliminating a large part, of the, hand work in connection with the 
mak|hg of a mold. These steps in the molding practice for the prepara* 
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Courtesy of Herman Pneumatic Machine Company 

Fig. 45. —Jolt-Rollover-Pattern Draw Molding Machine 

The mounted drag pattern is attached to the machine and rests on the jolting table. 



* Courtesy of Herman Pneumatic Machine Company 

Fig. 46. —JOlt-Rollover-Pattern Draw Molding Machine 

The flask is set around the pattern and is clamped to the machine. Molding sand is placed fn 
the flask and is rammed by jolting. 












MOLDING MACHINES 


61 



Courtesy of Herman Pneumatic Machine Company ' 

Fia. 47. —Jolt-Kollover-Pattern Draw Molding Machine 

The drag is rolled over. The leveling table is in the raised position. The clamps are released 
and the drag rests on the table. 



Courtesy of Herman Pneumatic Machine Company 

Fig. 4g.—~J olt-Rollover-Pattern Draw Molding Machine 


The drag is stripped from the pattern by lowering the table. After the pattern mount has been 
returned to the jolting table, the cores are set in the drag, and the finished drag is then transferred 
to the floor. 
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Courtesy of The Osborn Manufacturing Company 


Fig. 49.—Jolt-Squeeze-Stripf£r 
Molding Machine 

The cope pattern is mounted on the machine 
ready to receive the flask as shown in the upper 
view. Molding sand has been'placed in the flask 
as shown in the low4r view, and the mold has been 
rammed by jolting. 


tion of large molds may be 
observed in the illustrations 
from Fig. 45 to Fig. 48. The 
operation of the machine is 
controlled by air valves shown 
at the left in each view. Some 
parts of the machine are below 
the level of the molding floor. 
A cloth bag is used to keep the 
molding sand from the surface 
of the piston to which the level¬ 
ing table is attached. 

The rolling over of a mold 
is greatly facilitated by clamp¬ 
ing the mold to a table which 
is revolved on trunnions or 
arms. On rollover machines, 
the pattern is fastened securely 
to the rollover table, and the 
mold in its reversed position 
rests on a leveling table which 
is provided with some means 
for equalizing the variations in 
height of the flask. In draw¬ 
ing the pattern, either the roll¬ 
over table with the pattern 
attached is raised from the 
mold, or the mold on the level¬ 
ing table is lowered from the 
pattern. The relative motion 
of parts of the machine is ob¬ 
tained by means of sliding 
surfaces. The advantages of 
drawing the pattern by me¬ 
chanical means lie in the speed 
and accuracy with which this 
operation can be performed. 
Jolt - rollover - pattern, draw 
machines are particularly ad¬ 
vantageous for the making of 
drags because, on the complex/ 
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tion of the molding, this part 
of the mold is left in the posi¬ 
tion in which it will be poured. 

The density of the sand in 
a mold which has been jolted 
is greatest at the surface of 
the pattern and decreases to¬ 
wards the top of the flask so 
that additional ramming is 
necessary at the upper surface 
of the mold, which is readily 
obtained by a squeezing opera¬ 
tion. Therefore, molding ma¬ 
chines are often designed for a 
combination of jolting and 
squeezing. Furthermore, these 
machines often provide for 
stripping the mold from the 
pattern. This series of mold¬ 
ing operations is illustrated in 
Fig. 49 and 50. Molding sand 
is shoveled into the flask by 
hand or is supplied through a 
gate on an overhead bin. This 
machine occupies little floor 
space and can be moved to any 
location on the molding floor. 
Only a short time is required 
to change patterns on a mold¬ 
ing machine of this type. The 
jolt-squeeze-stripper machines 
perform all the major opera¬ 
tions for the making of copes, 
and a high rate of production 
is possible with this molding 
equipment. A machine with 
mounted pattern is also shown, 
in Fig; 51. The squeeze head ■ 
is attached to a vertical sup- 
.port and can be moved to one 
‘.'side when not in 'use. On . 



Courtesy Of The Osborn Manufacturing Company 


Fig. 50. —Jolt-Squeeze-Stripper 
•Molding Machine 

The squeeze head has been pulled forward as 
shown in the upper view and the sand has been 
rammed by squeezing. In the lower view y the head 
has been pushed back and the . mold has been 
drawn from the pattern by raising the lifting pins. 
The mold is then taken from the machine and the 
pins are lowered. 
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machines of this type, the jolting and squeezing operations, as well as 
the stripping of the patterns, are accomplished by air at a pressure of 
about 80 lb. per sq. in. 

Conveying systems are often provided in conjunction with molding 
machines for supplying sand, flasks, bottom boards, and cores to the 
machines, and for transporting the finished molds to the pouring stations. 
Some designs of molding machines are arranged to place the com- 



Fig. 51.—Jolt-Squeeze-Stripper 
Molding Machine 


pleted half-molds directly 
on a roller conveyor. This 
method for handling drags 
from a molding machine 
is illustrated in Fig. 52. 
A jolt-rollover-pattern draw 
machine is shown with the 
drag lowered from the 
pattern and with the pat¬ 
tern mount being reversed 
to the jolting position. 
The procedure in many 
production foundries is to 
prepare the copes on jolt- 
squeeze-stripper machines 
and to transfer these di¬ 
rectly from the machines 
to the drags on a conveyor. 
The complete molds are 
then carried along to the 
pouring stations. 

Combination molding 


The pattern equipment is mounted on the machine. 
The operator stands in one position, places a flask around 
the pattern, and fills the flask with sand from an overhead 
bin. The movements of the control valve at the right 
cause the machine to jolt and squeeze the sand in the 
cope, as well as to draw the pattern from the sand after 
ramming. 


machines are often em¬ 
ployed for making cores. 
The core boxes are mounted 
on the roll-over tables and 
the cores are turned out 


on plates for baking. A 
machine equipped for making cores is shown in Fig. 58 in Chapter IV. 
After the sand mixture is rammed into the box and a core plate is 
clamped on top, the box is rolled over and the cores are removed by 
lowering the table on which the plate rests: In the making of large 
cores, the core-sand mixture is often rammed into the boxes by jolting. 
The core boxes are then rolled over on the machine, and the cores are 
stripped from the boxes. 
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Courtesy of International Molding Machine Company 


Fig. 52 .—Jolt-Rollover-Pattern Draw Molding Machine 

The drag is shown after being stripped from the pattern. The jolting table is on the 
opposite side of the machine. The pattern mount is being reversed to the jolting table. 
The machine will raise the drag to the level of the roller conveyor so that the drag can be 
transferred to other locations. 
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REVIEW QUESTIONS 
I 

What is the purpose of each of the following parts of a sand mold: (a) sprue, 
(h) runner, (c) riser, (d) gaggers, (e) bottom board? 


What conditions control the size and location of gates? 
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III 

Explain the purpose and method of preparing a hard-sand match. 

• 

IV 

What are the advantages of mounted patterns? 

V 

Discuss three types of mounted patterns. 

VI 

Explain the difference in tiie principle of operation of the two types of stripping 
machines. 

VII 

What are the advantages of green-sand molding practice? 

VIII 

Account for the difference in the materials used in preparing green-sand molds 
and dry-sand molds. 

IX 

Describe the practice used in making loam molds. 


X 

What are the advantages of the die-casting process? 

XI 

Account for the limited life of dies used in making die castings from "different 
alloys. 

XII 

What defects may be' found in die castings? 


XIII 

Describe the centrifugal process for making cast-iron pipe. 

XIV 

What difficulties would be encountered in using cast-iron molds without coatings 
on the surfaces of the molds? 



REVIEW QUESTIONS 


67 


XV 

Explain the difference in the die-easting process and the permanent-mold process 
for producing aluminum castings. 

XVI 

Outline the major and minor operations required in molding practice. 

XVII 

What advantages are obtained by the use of molding machines? 


XVIII 

Discuss the uses and advantages of each of three types of sand-ramming ma¬ 
chines. 

XIX 

What type of molding equipment is particularly suited to the making of copes? 


Explain the purpose of employing both the jolt and squeeze operations of 
ramming sand in the same machine. 




CHAPTER IV 


CORE PRACTICE 

REQUIREMENTS OF SAND MIXTURES FOR CORES—Green Strength- 
Dry Strength—Permeability—Resistance to Heat—Smoothness of Surface—CORE 
SANDS—CORE BINDERS—Oil Binders—Water-Soluble Binders—Pitch and 
Rosin Binders—Combinations of Binders—PREPARATION OF CORE MIX¬ 
TURES—CORE MAKING-CORE BAKING—Core Ovens—FINISHING AND 
PLACING CORES—DEFECTIVE CASTINGS CAUSED BY IMPERFECT 
CORES 


A core is a body of sand or other refractory material which is pre¬ 
pared separately and is introduced into a mold either during its construc¬ 
tion or after the mold proper has been completed. The internal surfaces 
of most castings are formed by cores. Other applications of cores are 
illustrated in Fig. 53; the strainer core separates solid masses of slag 
from the metal; the ram-up core at the bottom of the gate prevents cut¬ 
ting of the molding sand by the molten metal; and the cover core forms 

a detail in the mold which would 
r^^ ST ^ AINER | 0RE be difficult to produce in molding 

| I I f- f| sand. Many castings are made in 
molds prepared entirely from baked 
cores which are assembled and 
clamped together as shown in Fig. 
dMJ . I: 54. Cores made of molding sand 

^^^ RAM " UP C0Rg l ::i in the damp state are known as 
L ^ __ __ g i green-sand cores. The sand is ram- 

med into boxes or is swept to the 
Fig. 53.— Cores in Mold desired shapes in about the same 

way that green-sand molds are 
made. Because of the low strength of cores made of molding sand, their 
use is limited to simple shapes which can be readily supported in the 
molds. Diy-sand cores are prepared with mixtures of sands and other ma¬ 
terials which cement the sand grains together after the cores have been 
baked. ' 
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REQUIREMENTS OF SAND MIXTURES FOR CORES 

The selection of materials and the proportioning of these materials 
in mixtures for cores depend upon the specific requirements of the cores 
to be made from these mixtures. In general, the properties which are 
most significant in core-sand mixtures are: (1) green strength, (2) dry 



Courtesy of Norfolk Navy Yard 

Fig. 54. —Molds Prepared with Dry-Sand Cores 


strength, (3) permeability, (4) resistance to heat, and (5) smoothness 
of surface. 

Green Strength 

Sand mixtures for cores must have sufficient strength in the damp 
state to permit them to be molded into the desired shapes and to retain 
these shapes until the cores become hardened in the baking process. 
Materials such as gelatinized starch, dextrin, molasses, and plastic 
clays, because of their adhesive properties, are used to develop green 
strength in sand mixtures. Any finely pulverized insoluble material 
such as powdered silica will increase the green strength of a core mixture 
by exerting a frictional resistance between the sand grains. The green 
strengths of most core-sand mixtures can be measured by tests in com¬ 
pression in the.same way in which molding sands are tested. 

Dry Strength * 

- Cores must have sufficient strength after baking to retain the exact 
shapes into which they were formed until the metal has solidified around 











70 


CORE PRACTICE 


them. This property is determined to a large extent by the kind and 
proportion of the binder used in the core-sand mixtures. The strength 
required of a specific core depends upon its application or its position in 
the mold. A core must be strong enough to support its own weight 
as well as to resist the buoyant effect of the liquid metal in which it is 
submerged. Some cores are reinforced with steel wires or metal frames 
known as core arbors to overcome the forces to which they are sub¬ 
jected. The resistance offered to abrasion resulting from handling the 
baked cores and from the flowing of the metal over the cores depends 
upon the bond between the sand grains. 

The strengths of test specimens prepared from different core-sand 
mixtures are determined most satisfactorily by transverse tests. A 
washed and dried silica sand which passes a 50-mesh sieve and is retained 
on a 70-mesh sieve is generally used in mixtures for test specimens. 
To obtain comparative data, it is necessary that the cores be made in a 
uniform way. Specimens 1 inch by 1 inch by 8 inches are prepared on 
the core-making apparatus (see Fig. 172 in the Appendix) and after 
they are baked are tested on the transverse testing machine (see Fig. 173 
in the Appendix). A transverse strength of about 20 pounds may be 
sufficient for the mixtures used in some cores, but as a rule, over 40 
pounds is required for most applications of dry-sand cores. 

Permeability 

All cores must be sufficiently permeable to allow the gases generated 
by contact of the molten metal with the cores to escape freely. The 
permeability is controlled largely by the grain size of the sand in the 



core mixtures. If the gases are not removed through the cores within 
the time during which the metal remains liquid, they will be forced into 
the metal, causing defects in the castings. The areas for the removal 
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of gases from molds are relatively large compared to the areas of cores 
through which the gases can escape. This condition is illustrated in 
Fig. 55. Additional openings or vents are commonly made in cores 
to assist in the removal of gases from the interior of the cores to the 
outside of the molds. The relative permeability of dry-sand cores is 
determined by measuring the rate of flow of air through specimens of 
uniform size prepared on the core-making apparatus. The procedure 
for this test is given in the Appendix. 

Resistance to Heat 

All cores must be sufficiently refractory so that they will not be 
destroyed before the metal has solidified around them. The strainer 
core and the ram-up core shown in Fig. 53 must resist the heat from the 
metal for a short time. The larger the mass of metal which comes in 
contact with a core, the more severe will be the effect of the heat in alter¬ 
ing the shape of the core. The resistance offered to the deterioration 
of the cores caused by the heat of the molten metal depends upon the 
refractory properties of the ingredients in the core mixtures, or upon 
the coatings which are applied to cores. A thin coating of graphite or 
silica flour aids in protecting cores which are subjected to the destruc¬ 
tive action of molten metal. Core sands are usually very refractory, 
and a binder can be selected which will have the desired resistance to 
heat. 

In many applications of cores, the bonding material must be de¬ 
stroyed by the heat from the metal to allow the normal contraction of 
the metal during cooling. A hard core which remains rigid after the 
metal has solidified around it will cause cracks or a stressed condition 
in the casting. For this reason, organic materials which are decom¬ 
posed at the temperatures encountered in the molds are generally used 
as core binders. Some cores are almost , completely surrounded by 
metal, and it is necessary* for the bonding material to be destroyed by 
the heat from the metal so that the remaining core sand can be removed 
through small openings in the castings. 

Smoothness of Surface 

Those surfaces of castings made in contact with cores have practi¬ 
cally the same smoothness as the surfaces of the cores, provided the metal 
is sufficiently fluid to fill the minute cavities on the cores. The pre¬ 
dominating sizes of the grains of sand determine to a large extent the 
surface condition of the cores. Smoother surfaces are produced by 
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using sand containing grains of 50- to 70-mesh size than are obtained 
with a sand having a predominating grain size of 40- to 50-mesh. Core 
sand having a variety of grain sizes ranging from fine to coarse can not 
be used to advantage in making cores which must have smooth surfaces 
because the spaces between the larger grains are not completely filled by 
smaller grains. If it were possible to produce a dense, compact mass of 
sand in a core by using grains of different sizes, the core would usually 
not be satisfactory because of its low permeability. Small additions 
(less than 20 per cent) of finely divided materials such as silica flour to 
core-sand mixtures do not improve appreciably the smoothness of the 
surfaces of cores. The most desirable properties are obtained when the 
core sand consists of grains of uniform size and of a sufficient fineness to 
produce the desired smoothness of surface. 

CORE SANDS 

The sands used for making cores may be classified into two ranges 
of grain size; those which in large part pass a 40-mesh sieve and are 
retained on a 70-mesh sieve are known as lake sand or dime sand; and 
those which pass a 50-mesh sieve and are retained on a 200-mesh sieve 
are sometimes known as bank sand. Small cores are usually made with 
sand free from clay, whereas the mixtures for large cores may contain 
some molding sand or bentonite for the purpose of strengthening the 
cores in the green state. The smaller the grain size of the sand used in 
cores, the smoother will be the surfaces of the castings made in contact 
with these cores. Furthermore, sand with rounded grains is more satis¬ 
factory for cores than sand with angular grains. 

CORE BINDERS 

The mixtures from which cores are made contain materials known as 
core binders which cement the sand particles together before or after 
the cores are baked. The commercial core binders may be classified 
as oil binders, water-soluble binders, and pitch and rosin binders. The 
characteristics of these materials will now be considered. 

Oil Binders 

Linseed oil, china wood oil, soya bean oil, and other drying oils 
which form hard films when they are oxidized are used extensively as 
core binders. The oxidation of the drying oils proceed^ at a slow rate 
at temperatures below 350 degrees F., but when the baking temperature 
is raised to 425 degrees F., the rate of hardening is greatly accelerated. 
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Temperatures above 500 degrees F. destroy the oil films and thereby 
lower the strength of the cores. 

The oil binders are used in sufficient proportion to coat each grain 
of sand with a thin film of oil. If the sand contains clay or fine silt, 
more oil is required to cover the increased area of the material. The 
effect of increasing the proportion of raw linseed oil in mixtures prepared 
with clean silica sand is indicated on the diagram in Fig. 56. Small 
intricate cores which must be very strong and also very permeable are 
often made from mixtures containing 50 parts by volume of core sand 


RATIO-VOLUME OF OIL TO VOLUME OF SAND 



Fig. 56 .—Dry Strengths of Oil-Sand Cores 


and 1 part by volume of linseed or other drying oil. Oil binders are 
seldom used in proportions greater than 2| per cent or less than 1 per 
cent of the volume of sand. 

Some water is usually added to oil-sand mixtures to improve their 
green strength and thus cause the sand to be more easily formed into 
the desired shapes. The presence of water lowers the strengths of oil- 
sand cores as a result of losing some of the binder when the water is 
evaporated during the baking of the cores. The decrease in strength 
of specimens prepared from oil-sand mixtures containing water in the 
ratio of 4 per cent of the volume of the sand is shown in Fig. 56* Larger 
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proportions of water cause a greater decrease in the strength cf oil-sand 
cores. 

Water-Soluble Binders 

Gelatinized starch, dextrin, molasses, and lignone are used extensively 
as sand binders. These materials are sticky when mixed with water, 
and concentrate to form a bond between the sand grains when the water 
is evaporated. A baking temperature of 350 degrees F. is satisfactory 
for all cores prepared with the water-soluble binders. Gelatinized starch 
and dextrin are products obtained by heating starch alone or in com¬ 
bination with chemical agents. Dextrin is readily soluble in water, 
whereas gelatinized starch forms a jelly-like suspension in water. Cores 
prepared with dextrin usually have hard surfaces and soft centers after 

Table III 

Transverse Strengths of Dry-Sand Cores 
Sand used, 50- to 70-mesh silica sand. 


Total baking time, 90 minutes. 


Binder 

Binder Ratio 

Water 
Ratio, 
%of 
Vol. 
of Sand 

Baking 

Tempera¬ 

ture, 

Degrees 

F. 

Average 

Strength, 

Pounds 

%of 
Vol. 
of Sand 

%of 

Wt. 

of Sand 

Linseed Oil.. 

2 


4 

425 

50 

Gelatinized Starch... 


2 

18 

350 

50 

Dextrin. 

. . 

2 

6 

350 

- 20 

Lignone *. 


, 2 

8 

350 

27 

Molasses. 

2 


4 

350 

32 

Pitch. 

.. 

5 

8 

350 

23 

Rosin... 

.. 

4 

4 

350 

24 

Linseed Oil f. 

1 

* 

8 

400 

51 

Linseed Oil t. 

1 

.. 

12 

400 

63 

Linseed Oil §. 

2 v 


8 

,425 

23 

Linseed Oil 11. 

2 


10 

* 

425 

23 


* Mixture contained fire clay in proportion of 2% of weight of Band, 
f Mixture contained gelatinized starch in proportion of 1% of weight of sand. 
X Mixture contained dextrin in proportion of 2 % of weight of sand. 

I Mixture contained bentonite in proportion of 1% of weight of sand, 
f Mixture contained silica flour in proportion of 20% of weight'of sand. 
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baking, a condition caused by the transfer of the binder to the surfaces 
of the cores by the water vapor. Gelatinized starch, on the other hand, 
remains in place when the water evaporates and produces cores of uni¬ 
form hardness. The results of tests of cores containing each of the 
water-soluble binders are given in Table III. 

Molasses is a by-product of the sugar industry. It is often used in 
combination with other binders and increases both the green strength 
and dry strength of sand mixtures. 

Lignone is a product from the sulphite process of paper making. It 
is composed of the soluble resins from pulp-wood. After the sulphite 
liquors are separated from the pulp, they are concentrated or evaporated 
to dryness to obtain the material which is used as a sand binder. Be¬ 
cause of the high solubility of lignone, this binder is transferred to the 
surfaces of cores by the water vapor during the baking period. The 
presence of clay or other finely divided material in the core-sand mix¬ 
ture retards the migration of the binder and results in greater strengths 
than can be obtained with very permeable core-sand mixtures. The 
transverse strength of test specimens containing lignone is given in 
Table III. 

Cores prepared with the water-soluble binders become hardened on 
all exposed surfaces when they are permitted to remain for even a short 
time in a warm room. This preliminary strengthening aids in prevent¬ 
ing injury to the cores during the transfer to the ovens. 

Pitch and Rosin Binders 

Pitch is the hard black residue from the distillation of coal tar. 
The melting point of the pitch which is used as a core binder is between 
270 and 300 degrees F. Rosin is a by-product from the turpentine 
industry. It melts at temperatures between 140 and 200 degrees F. 
These materials are pulverized finely before being mixed with core sand. 
To develop green strength, water is usually added to the mixtures in a 
proportion of about 4 per cent of the volume of the sand. During the 
baking of cores containing pitch or rosin, the binder melts and flows 
between the grains of sand, and when the cores are cooled to ordinary 
temperatures, the binder hardens and thereby strengthens the cores. 
A temperature of 350 degrees F. is satisfactory for baking cores containing 
pitch or rosin. These binders must be used in relatively large propor- 
• ■ tions (not less than 4 per cent of the weight of the core sand) to develop 
'Useful strengths in the cores after baking. The properties of test speci- 
V' mens prepared from core-sand mixtures containing pitch and rosin are 
given in Table 3$$.’ 
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Pitch-bonded cores are softened when they are exposed in molds to 
temperatures sufficiently high to melt the pitch, but on further heating 
and cooling, these cores become very hard and are difficult to remove 
from the interior of castings. Because of the low temperatures at which 
rosin melts and decomposes, this binder is particularly advantageous in 
cores which must collapse promptly to permit the free contraction of the 
metal around the cores. In some applications where the rapid softening 
of the rosin would cause the core to change its shape, this binder is not 
satisfactory. 

Combinations of Binders 

Combinations of binders are often used in core-sand mixtures to 
obtain the desired properties. Because the drying oils produce little 
strength in the sand mixtures before the cores are baked, water-soluble 
binders are often added to these mixtures to increase their green strength. 
The average transverse strengths of test cores prepared with combina¬ 
tions of linseed oil and other binders are given in Table III. 

PREPARATION OF CORE MIXTURES 

Several types of mixers are employed in foundries for the preparation 
of sand mixtures for cores. In the paddle-type mixer, the sand is agi¬ 
tated within a trough by a number of revolving blades on a horizontal 
shaft. Some designs have spiral blades which rotate within a metal 
trough. In machines of the muller type (see Fig. 121 in Chapter XII), 
the sand is turned over by plows and is then compressed by one or two 
rollers which revolve inside a pan. 

The powdered core binders are usually mixed first with dry sand; 
then the liquid binders and water are added as the mixing is continued. 
All materials are measured accurately to insure uniform qualities in the 
core-sand mixtures. Liquid materials are usually prescribed and mea¬ 
sured in proportions by volume. On the other hand, solid core binders 
are purchased on the basis of weight; so these materials should be 
added to core-sand mixtures in proportions by weight. The volume 
occupied by a unit weight of a powdered material depends upon the 
fineness of grinding and other conditions. However, it is often more 
convenient to measure powdered materials in units of volume when 
equivalent weights are known. 

CORE MAKING 

Cores are made by ramming the sand mixtures into boxes, the inte¬ 
riors of which have the desired shapes and dimensions. Some core 
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boxes have two or more parts which are held together by dowels and 
clamps when the cores are being formed. The cores are transferred 
from the boxes to metal plates on which the cores remain until after 
they are baked. If the cores have irregular shapes which can not be 
supported on flat plates, they are baked in metal forms known as driers, 
or are bedded in coarse sand. The core plates and driers are usually 
perforated to permit the circulation of gases and to lessen the sticking 
of the cores to the supports. Cores are often reinforced with steel wires 



Courtesy of Arcade Manufacturing Company 


Fig. 57. —Jolt Machine for Core Making 

and rods so that they will have sufficient strength to resist the forces 
to which they are subjected within the molds. 

As a rule, one or more vents are provided in cores to assist in the 
discharge of gases from the interior to the core prints. These openings 
are made by ramming the sand around a steel rod when the core is 
being made or by pushing a vent wire through the core after it has been 
rammed. When a core is made in two parts, a notch is usually cut along 
the center of each part before the core is assembled. Cores of intricate 
shapes are often vented by placing strips of wax in the sand during 
. ;fcheir preparation. This wax is melted or destroyed when the cores are 
baked, thus leaving the openings through the cores. 
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When a small number of cores are required, they are made by hand 
operations with the materials placed at a convenient working height on 
a bench. The ramming of the sand into core boxes is sometimes assisted 
by a small jolt machine such as that shown in Fig. 57. Molding 



— - --:--- -'He? 

Courtesy of International Molding Machine Company 

Fig. 58.— ^Cores Made on Machine 


machines on which the core boxes are mounted are generally employed 
for the rapid production of cores of small and rnedium size. (See Fig. 58.) 
Large cores are swept up with templates or are made in boxes on mold* 
mg machines. A high rate of production of cores is obtained oh core¬ 
blowing machines which deliver the sand mixture by air at high pressure 
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into core boxes. A machine for this purpose is illustrated in Fig. 59. 
The core box is clamped in position on the machine while it is being 
filled with sand. Openings at the bottom of the sand reservoir connect 
with openings at the top of the core box. In another type of core¬ 
making machine shown in Fig. 60, cores of uniform section are produced 
by forcing the core-sand mixture through a die by means of a conveyor 
screw. Cores of any desired length in sizes from § to 3 inches in diameter 



are made in this way and are baked on trays. Each machine is equipped 
with an assortment of die tubes, conveyor screws, and trays for different 
sizes and shapes of cores. During the forming of these cores, a vent is 
made throughout the entire length of every core. 

CORE BAKING 

After the cores are formed to the desired shapes from core-sand 
. mixtures, they are heated in ovens to assist in finally obtaining hard 


i 
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cores. The conditions under which cores are baked depend upon the 
kind of binder used in the cores. The drying oils, such as linseed oil, 
harden by combining with oxygen, a reaction which takes place slowly 
at ordinary temperatures but more rapidly when the temperature of the 
oil exceeds 350 degrees F. Oil-sand cores are therefore heated in ovens 
to hasten the oxidation of the oil binder. The total time that the cores 
are in the baking oven may be divided into three periods: first, the 

“ heating-up” period; second, 
the ‘ ‘ evaporation ’ 7 period; 
and third, the “oxidation ” 
period. During the heating- 
up period, the cores and core 
plates are heated to the tem¬ 
perature at which moisture or 
other volatile constituents are 
driven from the cores. The 
length of this period depends 
upon the initial temperature 
of the oven, as well as upon 
the rate at which heat is sup¬ 
plied to the oven. Because 
of the low thermal conduc¬ 
tivity of core sand and the 
porous structure of cores, 
they are heated most effec¬ 
tively by hot air circulated 
through the oven. The evap¬ 
oration period is the interval 
during which moisture and 
other volatile material is re¬ 
moved from the cores. If 
the core-sand mixture con¬ 
tains a light mineral oil in 
addition to moisture, the range of temperature and the length of time 
for the evaporation period will be extended until the mineral oil has 
been distilled off. The removal of the volatile products from the cores 
is hastened by providing an adequate supply of hot dry air to the 
oven during this period. The oxidation period is that part of the total 
baking time during which the drying oil becomes hardened by com¬ 
bining with oxygen. For the best baking conditions, a minimum 
volume of 1,000 cubic inches of air must be supplied to the oven for* 



Courtesy of The American Foundry Equipment Company 

Fig. 60 .—Core Machinst.i 
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every pound of oil-sand cores. The maximum strength of cores 1 
inch in thickness and containing linseed oil in the proportion of 2 per cent 
of the volume of the sand, and water equal to 4 per cent of the volume of 
the sand, is obtained in 90 minutes with the temperature of the oven at 
425 degrees F. Oil-sand cores 3 inches in thickness require 3 hours to 
bake to the center. 

("ores prepared from sand mixtures containing the water-soluble 
binders become hardened when the moisture is removed. A maximum 
baking temperature of 350 degrees F. is most satisfactory for these cores. 
In a circulating atmosphere of dry air, cores 1 inch in thickness can be 
baked in 90 minutes. 

Some water is usually added to core mixtures containing pitch or 
rosin to improve their green strength. In baking cores made from these 
mixtures, it is first necessary to evaporate the moisture and then to heat 
the cores until the binder melts and flows between the grains of sand. 
A temperature of 350 degrees F. is satisfactory for baking cores contain¬ 
ing pitch or rosin. 

Any of the industrial fuels which permit accurate control of the 
baking conditions may be used for heating core ovens. The relatively 
low temperatures which are most favorable for baking cores can be ob¬ 
tained conveniently from the combustion of gas. Fuel oil is sometimes 
burned in air heaters equipped with fans to circulate the hot air through 
the ovens. 

Core Ovens 

Core ovens may be classified on the basis of their construction and 
the methods of handling the cores. 5 The shelf-type oven has a num¬ 
ber of fixed shelves which are accessible through one or more doors on 
the oven. The cores on plates or driejs are placed on the shelves and 
are removed after the cores are baked. 

The drawer-type oven contains a tier of drawers arranged so that 
one or more can be withdrawn for loading or unloading while the cores 
on the remaining drawers are baking. In all designs of drawer ovens, 
the opening to the interior of the oven is closed when each drawer is 
fully extended. The drawer-type oven is commonly employed for bak¬ 
ing small numbers of cores of many different sizes. An oven of this type 
is shown at the left in Fig. 61. 

When the production of cores is very large, the coremakers* benches 
and machines are necessarily distributed over ii large area. This condi¬ 
tion requires that equipment be provided for transporting the cores to 
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the ovens and from the ovens to the storage space. Portable steel racks 
are sometimes used for holding cores and are placed at convenient loca¬ 
tions in the core room. As soon as each rack is filled, it is moved by 
an elevating platform truck to a core oven. After the cores are baked, 
the rack is transferred to the molding floor or storage space. When the 
cores are removed from the racks, the plates and driers on which they 
were baked are left on the racks to be returned to the coremakers. The 
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ovens used for baking cores of^portable racks have plain rectangular 
interiors which accommodate one or two racks at a time. A box-type 
oven within which cores are baked on racks is shown in Fig. 61. 

The car-type oven is most satisfactory for baking large cores. (See 
Fig. 122 in Chapter XII.) The cars are loaded and unloaded with the 
aid of an overhead traveling crane. At the end of the baking period, 
the car is pulled from the oven and the cores are delivered directly to 
the molds or to the storage space. 

The continuous conveyor oven was developed to meet the need for 
baking large numbers of cores and for decreasing handling costs. In 
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this type of oven, metal racks are carried on one or more endless chains 
which convey the cores through the oven. Conveyor ovens have been 


built of several different designs in 
which the cores are transported 
vertically, horizontally, and in com¬ 
binations of these directions. With 
the vertical oven shown in Fig. 62, 
the cores are loaded on the left side, 
travel up through the heated space, 
descend through a cooling chamber, 
and are removed at the right side. 

FINISHING AND PLACING CORES 

Some cores are made in two 
or more parts which are cemented 
together with a paste prepared from 
dextrin or other water-soluble bind¬ 
er. A mixture of graphite or silica 
flour with dextrin and water is used 
to fill the joints and to repair cores 
which are slightly damaged. The 
assembled cores are heated in ovens 
to dry the paste and patching 
mixture. 

Refractory coatings are applied 
to some dry-sand cores to resist the 
destructive action of the metal for a 
longer time. In the steel foundry, 
a mixture of powdered silica, molas¬ 
ses, and water is commonly used on 
cores. The surfaces of cores for 
iron castings are often coated with 
graphite or other refractory material 
held in suspension in a water solu¬ 
tion of dextrin or molasses. The 
cores are dried after being sprayed 
or dipped in the coating mixtures. 



Courtesy of Jeffery Manufacturing Company 

Fig. 62 .—Vertical Coke Oven 


The strengths of all dry-sand cores prepared with the ordinary binders 


are decreased when the cores are exposed to a moist atmosphere. The 


extent of this deterioration, in strength is dependent on the kind of 
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binder used in making the cores and the length of time during which 
the cores remain in the moist air. The losses in transverse strength of 
baked cores prepared with each of the binders after standing in green¬ 
sand molds for 4 hours is about as follows: 

Linseed oil.36% Lignone.60% 

Gelatinized starch. . . 65% Molasses.100% 

Dextrin. 50% Pitch.* . . 58% 

All dry-sand cores should be stored in dry places and should not remain 
in green-sand molds any longer than is necessary before the molds are 
poured. 


DEFECTIVE CASTINGS CAUSED BY IMPERFECT CORES 

Large volumes of gas are produced when metal is poured around 
cores which are not completely baked. This gas may be evolved at a 
sufficient rate to stop off parts of the mold cavity or to be forced into 
the surrounding metal. With some designs of cores, the openings for 
venting through the core prints are so small that the rapid formation of 
gas within the core is certain to cause defective castings. Cores which 
are not completely baked in the ovens may become hard when they are 
exposed to additional heat in the molds. If the normal contraction of 
the metal is resisted by the hard cores, stresses or cracks will be pro¬ 
duced in the castings. Furthermore, the hard cores will be difficult to 
remove from the castings. 

The low strengths of cores which have been baked too long or at too 
high temperatures may cause losses in handling or defects in castings 
because of failures of the cores in the molds. Defective castings are 
sometimes caused by changes in the shapes of dry-sand cores when they 
are allowed to remain in green-sand molds for long periods. The drying 
oils are more resistant to deterioration caused by moisture absorption 
than the water-soluble binders. 
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REVIEW QUESTIONS 

I 

What are the uses of cores? 

II 

Explain the requirements of sand mixtures for cores. 

III 

How are the properties for cores measured? 


IV 

Classify core binders, and give one example in each class. 

V 

Explain the principle of hardening of cores containing each of the different 
types of core binders. 

VI 

In the preparation of core mixtures, what is the order of adding the materials, 
and how are the materials measured? 


VII 

, How are cores of irregular shape supported during baking? 


VIII 


Describe three types of machines used in making cores. 

IX ‘ •' 

What conditions are most favorable to the baking of cores containing the 
different binders? 


X 


State the method of handling cores in each of five types of core ovens. 


XI 

Discuss the effect of moisture absorption upon the strengths of dry-sand cores. 

XII 

Explain the defects in castings which may result from the use of under-baked 
cores. 
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MELTING PROCESSES FOR CAST IRON 


THE CUPOLA FURNACE—Construction of the Cupola—Shell—Bottom Con¬ 
struction—Wind Belt—Tuyeres—Crucible—Height of Cupola—Tap and Slag Holes 
—Charging Doors—Lining—Operation of the Cupola—Preparation of the Cupola— 
Making and Lighting the Coke Bed—Charging Metal, Fuel, and Flux—Mechanical 
Charging Equipment—Melting and Tapping—Dropping the Bottom—Principles 
Relating to Cupola Operation—Combustion in the Cupola—Air Required for Com¬ 
bustion—Height of Coke Bed—Coke Charges—Metal Charges—Rate of Air Supply 
—Cupola Fluxes—Zones in the Cupola—Cupola Blowers—THE AIR FURNACE 
—Construction of the Air Furnace—Operation of the Air Furnace—Rotary Pulver- 
ized-Fuel-Fired Furnace—THE ELECTRIC FURNACE—Direct-Arc Furnace— 
Indirect-Arc Furnace—Methods of Operation 


The metal for iron castings may be melted in any type of furnace in 
which a sufficiently high temperature can be produced; the cupola, air 
furnace, and electric furnace are ordinarily employed for this purpose, 
/The heat efficiency of the cupola furnace is relatively high because the 
t products from the combustion of the fuel come in direct contact with 
| the materials being melted. Also, the counterflow of gases and melting 
J stock permit, the recovery of much of the heat produced within the 
cupola. Tie chief advantage of the air furnace lies in the possibility of 
’’Accurate cqftttol of* the composition as well as the temperature of the 
molten m«$asd. Electric furn^fees, although high in installation and ^ 
operating Cost, are being used,for the preparation of cast iron which is 
required to have speciarpropeppes. In soriife cases, molten iron is trans¬ 
ferred from the cupola to an electric furnace to obtain additional super¬ 
heat and to improve t|ie composition of the metal. 


Cupola furnace 

r The cupola is a shaft fmenace into which the metals and the fuel are 
supplied in alternate layers jjr charges. The air fqPbbmbustion passes 
into a preheated bed of cokC at the bottom of the^pola;- The height 
of the coke bed and the rate at which air is supplied^© the cupola have 
an important influence on the melting conditions, .jffthin.’ this funflce.^ 
The following discussion of the cupola includes description of’the 
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construction and operation of the furnace and an explanation of the prin¬ 
ciples relating to cupola operation. 


Construction of the Cupola 

The cupola furnace has a steel shell of plain cylindrical form which 
is supported in a vertical position and is lined with refractory materials. 



fe,—"C upola Fubnacb 
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Openings are provided for introducing air, fuel, flux, and metals, and for 
removing molten metal, slag, and waste gases. Each of the parts of the 
cupola, the construction of which is shown in Fig. 63, will now be 
described. 

Shell.—The shell of the cupola is made of steel plates which are 
rolled into cylindrical sections and riveted or welded together. The 
thickness of the steel plates varies with the diameter of the shell and 
the position of the sections. As the lower portion of the shell supports 
the weight of steel and refractories above, the sections near the bottom 
are usually built of thicker plates than the upper sections. For cupolas 
of small size, the maximum thickness of plate is f inch, whereas for 
cupolas of large size, the thickness is often ^ inch. The shells of cupolas 
which are over 60 inches in diameter are often decreased in size above 
the charging door, and the stack is usually extended about 10 feet above 
the roof of the foundry to avoid damage from heat and sparks. In 
order to support the lining and to prevent the collapse of the entire 
lining when a portion becomes worn away, brackets made of cast iron 
or steel are riveted to the inside of the shell at a number of places 
throughout the height of the cupola. 

Bottom Construction.—The bottom plate is the ring-shaped casting 
on which the Ishell rests and to which the bottom doors are hinged. Two 
semicircular castings are used for the bottom doors. The cupola is sup¬ 
ported on columns of sufficient height and distance apart to allow the 
bottom doors to swing clear. When the cupola is in operation, the 
bottom doors are held in the raised position by metal props or by a 
locking device. 

Wind Belt.—The wind belt is the annular chamber encircling the 
lower part of the cupola. With the construction shown in Fig. 63, the 
shell of the.cupola ^hd the bottom plate form two walls of the wind belt. 
In other designs (jsiee Fig, 64), the wind belt is entirely above the tuyeres; 
with this arrangement, it is not necessary to cut through the wind belt 
to get to the tap-hole and slag hole. 

The air for cpabu^tion enters the wind belt and passes into the 
cupola through ownings known as tuy eres . Opposite each tuyere, a 
hole about 3 inches m diam^er called a^peep hole is cut through the 
outer shell of the wind belt to?permit the inspection of conditions within 
the cupola and to allow a bar .to be inserted to open up the tuyere if. this 
becomes necessary. Covers dfrith small mic^ windows are arranged so 
that they can be fastened tightly over thes$ openings. Two or more 
doors are provided for cleaning out the insides of the yrind belt. In 
some installations, the blast pipe is connected' to the top) of the wind 
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belt on two sides of the cupola; in others, it enters tangentially on one 
side of the wind belt. 

Tuyeres.—Tuyeres have 
been designed in many 
shapes and sizes, and have 
been used in cupolas in 
various positions with more 
or less satisfactory results. 

The practice generally adopt¬ 
ed is to use one row of 
tuyeres having a rectangular 
shape with a height of 4 to 
6 inches on the inside of the 
cupola. To obtain uniform 
distribution of the air, the 
tuyeres are placed regularly 
around the circumference of 
the cupola, forming a nearly 
continuous inlet for the air 
supply as shown in Fig. 63. 

As a rule, the tuyeres are 
decreased in width at the 
shell, so, that it will not be 
necessary to cut_.away a 
large portion of the circum¬ 
ference of .the"cupola., shell. 

The tuyeres are made of 
cast iron, and are placed in 
the cupola during the con¬ 
struction of the lining. The 
area of the tuyere openings 
is sufficiently large to pre¬ 
vent excessive friction of the 
^air as it enters the cupola. 

^ A total tuyere area on the 
inside of the cupola equal 
to -one-fourth the area of 
the cross section of* the' 
cupola is satisfactory. • , . 

Crucible.—The tuyeres are placed at a distance above the bottom 



Fig. 


Courtesy of Whiting Corporation 

64,7— Two 54-Inch ^Cupolas 


of the cupola which will allow the desired amount of metal to collect 
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within the cupola before tapping. The interior of the cupola below the 
tuyeres is known as the crucible. If it is desired to retain a large 
quantity of molten iron before tapping, a deep crucible is provided. On 
the other hand, when the metal is taken from the cupola continuously, 
a shallow crucible is most satisfactory. The greater the height of th<P 
crucible, the more coke is required in the bed; hence it is desirable to i 
have the crucible of a minimum height. For average conditions, a 
crucible 20 inches in height is usually preferred. f 

) ^ Height of Cupola.—The effective height of the cupola is the dis^* 
tance from the top of the tuyeres to the sill of the charging door. This 
is an important dimension, as it affects the amount of heat which is 
recovered from the gases by the descending charges. In general, the 
greater the effective height, the more heat will be absorbed, and the 
lower will be the temperature of the gases in the stack. However, the 

r carrying capacity of the coke in the bed places a limit on the weight of 
materials which may be charged into a cupola. Furthermore, the advan¬ 
tage of more complete recovery of sensible heat would be offset by the 
additional power required to force the gases through a large number of 
^ charges. For cupolas lined to 36 inches, the effective height may be 
placed at 12 feet, and for larger cupolas which are operated for long 
periods this height may be 18 feet. 

Tap and Slag Holes.—At the front of the cupola, the shell and the 
lining are cut away to provide a means for tapping the molten metal 
from the cupola. The wall of refractory material which is placed in 
this opening is the breast, and the small hole in the breast through which 
the metal is tapped is the tap hole. A cast-iron or steel spout with a 
refractory lining guides the molten metal to the ladles. On the side 
opposite to. the tap hole, another opening is provided for drawing off the 
liquid slag which accumulates within the cupola during long heats. In 
order to prevent the freezing of the slag by the air blast, this opening is 
located about 4 inches below the bottom of the tuyeres and between two 
tuyeres. The molten metal and slag collect in the spaces between the 
pieces of coke in the crucible. As the slag is lighter than the metal, it 
remains above the metal and is drawn off through the slag hole. 

Charging Doors. —One or more openings are provided in the upper 
part of the cupola for introducing the fuel and metal charges. When 
drop-bottom buckets are used for charging the materials, one large 
opening is required. It is sometimes convenient with hand charging 
to have two openings through which the fuel and metals can be supplied. 
The charging doors are made of cast iron with a lining of fixe brick. 
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Heavy cast-iron frames are fastened to the cupola shell to protect the 
lining around the doors. 

Lining.—The steel shell of the cupola is lined with refractory material 
to insulate the shell and to resist the abrasion of the materials charged 
into the cupola. The lining is usually constructed of fire clay bricks and 
cupola blocks, which form segments of circles inside the shell. Either 
single or double courses of refractories may be used. A single course of 
cupola blocks 4^ inches in thickness is satisfactory for small cupolas, 
whereas the lining in large cupolas is from 7 to 10 \ inches in thickness. 

When the lining is placed in a cupola, a space about £ inch between 
the lining and the shell is filled with loose sand to take up the expansion 
when the lining is heated. Cupola blocks 9 inches by 9 inches by 4^ 
inches in thickness, or 9 inches by 4 inches by 6 inches in thickness, of 
the correct curvature to form the desired inside diameter of the cupola, 
are ordinarily used for the lining. These blocks are backed up with 
standard fire bricks having dimensions of 9 inches by 4§ inches by 2\ 
inches. A cementing mixture of fire clay and water is used in the joints 
between the blocks or bricks, which are placed together as closely as 
possible. The shell of the cupola above the charging door is usually 
lined with one course of blocks. 

Operation of the Cupola 

j The cupola furnace is adapted to the melting of intermittent heats of 
cast iron. At many foundries the melting period does not exceed 4 
hours, but cupolas may be operated continuously for 10 hours or 
more. A schedule which is often followed is to melt iron in the cupola 
only for a sufficient length of time in the afternoon so th^t all molds 
made on that day will be poured before the end of the worling period. 
A night crew then shakes out the castings and prepares tfib sand for 
use by the molders on the following morning. When continuous molding 
methods are used, molten metal is required during the entire molding 
time, and additional cupolas are provided so that some are being repaired 
while others are in service. 

The satisfactory operation of the cupola requires strict attention to 
many details. As it is difficult to make adjustments in furnace oper¬ 
ation after the materials have been charged, it is necessary to follow 
closely an established procedure to obtain the best results. 

Preparation of the Cupola.—After every heat, the lining in the lower 
part of the cupola is burned out to some extent and is coated with slag. 
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It is necessary to remove the collection of slag and to replace any portion 
of the lining which has been destroyed during the previous heat. If the 
lining were not maintained to the required thickness, the heat developed 
inside the cupola would eventually penetrate to the shell and cause con¬ 
siderable damage. 

Before the cupola lining is repaired, a heavy wire screen is placed 
across the cupola shaft at the charging door to serve as a protection from 
falling objects while work is in progress within the cupola. In order to 
make a satisfactory replacement of any portion of the cupola lining, all 
slag must be removed back of the patch; otherwise, this slag will melt 
later and cause the daubing material to separate from the lining. The 
slag coating is removed by means of a sharp-pointed short-handled pick. 
Special care is taken not to cut away the original lining any more than 
is necessary when the repairs are being made. After the slag has been 
removed from all surfaces which are to be patched, these areas are wet 
down with a thin mixture of fire clay and water. Large cavities in the 
lining are filled with pieces of fire brick. A mixture consisting of one 
part of high-grade fire clay and two parts by weight of clean silica sand 
with just enough water to form a plastic mass is used to fill the cracks 
and to restore the lining to its original dimensions. 

vThe preparation of the sand bottom in the cupola is begun as soon 
as the patching of the lining has been completed. The bottom doors are 
raised and held in this position by metal props which rest on an iron 
block below the cupola. A molding sand which has been burned to 
some extent, and which has good permeability and strength, is used for 
making the bottom.^ The bottom sand is introduced through the 
charging door and is rammed well around the lining and across the 
intersection of the bottom doors. This layer of sand is built up to a 
height of 4 to 8 inches above the cast-iron doors* The surface of the 
sand bottom is sloped from all directions towards the tap hole so that 
the molten metal can be drained completely from the cupola at any 
itime. 

; The slag hole is cleaned out and patched when the lining is being 
I repaired. An opening about inches in diameter is provided for the 
removal of the slag. The procedure used in making the breast varies 
considerably at different foundries. Some operators prefer to build the 
breast from the inside of the cupola after the sand bottom has been 
finished. In other practice, the breast is filled-in after the entire bed 
coke has been charged. When a wood-fire is 1 used for lighting the cupola, 
the breast opening allows the entrance of air tor the combustion of the 
fuel. Also, the breast opening permits the introduction of ah oil burner 
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when the coke bed is lighted by this means. The same refractory mix¬ 
ture that is applied in repairing the lining is used in replacing the breast 
of the cupola. The tap hole is formed around a wooden pattern about 
f inch in diameter. 

Making and Lighting the Coke Bed.—The melting conditions within 
a cupola at the beginning of a heat will depend to a large extent on the 
care taken in preparing and lighting the coke bed.^The coke in the 
bed is ignited by a wood fire or by an oil-burning torch. When the 



Fig. 65. —Heights of Coke Bed for Different Air Pressures 

former method is used, shavings and small pieces of wood are first placed 
in the cupola without destroying the sand bottom. Tljfen larger pieces 
of dry wood are added until the wood is piled up above the tuyeres. 
Approximately onerhalf of the total amount of coke for the bed is 
charged on the wood. In order to provide better conditions for the 
separation of slag and metal, only large pieces of *coke, about 6 inches 
across, t are used in the coke -bed below the tuyeres.’ The fire is started 
by lighting the kindling at the breast or by dropping ignited oily waste 
into th& cupola. With the introduction of air through the breast, as well 













94 


MELTING PROCESSES FOR CAST IRON 


as through the peep holes, sufficient heat is produced from the wood fire 
to dry the daubing on the cupola lining and to ignite the coke. 

( h )^ When the coke which was first charged is well ignited, more coke is 
supplied, and combustion is maintained. As soon as red spots begin to 
show over the top of the fuel bed, additional coke is introduced to obtain 
the correct height of the coke bed, fc! ^This is determined by using a 
measuring rod which has been prepared to indicate the distance from 
the sill of the charging door to the top of the coke bed. "The amount 
of coke in the bed is dependent upon the pressure of the air supplied 
to the cupola. The height of the coke bed above the top of the tuyeres 
is determined by the pressure of the air supplied to the cupola and can 
be found on the chart in Fig. 65. ^ 

When an oil burner is used to light the cupola, the coke at the 
bottom of the bed is arranged so that the flame from the burner will 
penetrate and ignite the bed uniformly. The oil burner is usually 
applied at the breast opening. About one-half of the total amount of 
the coke required for the bed is placed in the cupola before the burner is 
started. As soon as red spots appear on^tlje top of the first coke, the 
remainder of the bed coke is charged. ^At this time the burner is 
stopped, and the natural draft through the breast opening will produce 
sufficient heat to ignite the upper portion of the coke bed.H 
**After the coke bed has been built up to the correct height and has 
been ignited uniformly throughout, the breast is filled in and all peep¬ 
hole openings except one or two are closed. Care is taken not to burn 
the bed coke to a mushy state. If burned excessively, the bed will be 
lowered considerably by the weight of the materials placed on the bed. 
The cupola is now ready for the metaLapd coke charges.^ 

Charging Metal, Fuel, and Flux.-^The first metal charge is placed 
on the coke bed as shown in Fig. 66. This is followed by a layer"of coke, 
and then additional layers of metal and coke until the level of the 
charging door is reached or until sufficient metal has been charged for 
all requirements. Additional charges are supplied as rapidly as the 
stock lowers within the cupola^^fThe materials in each metal charge are 
placed so that the melting of the entire charge will be as uniform as 
possible. Scrap metals having relatively thin sections absorb heat more 
rapidly than heavy pieces of pig iron or scrap; therefore, this material 
is placed at the top of the metal charge^llie order of charging is to 
put the steel scrap on the coke, the pig iron around the lining, and the 
iron scrap over the entire area to level off the metal charge. {All mate¬ 
rials for the metal charges are weighed accurately and are combined in 
the correct proportions to produce the desired average chemical com¬ 
position in the charges. The total weight of each metal charge varies 
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with a number of factors which will be discussed later. The average 
'practice is to have the metal charges eight times the weight of the coke 
charges. 

vJffhe amount of coke in each coke charge is established as the weight 
which will occupy a height of 6 inches within the cupola. This is desig¬ 
nated as fusion coke to distinguish it from that portion of the coke in 
the bed which is not consumed during the melting period^The coke 


Fig. 66.—Cross Section of Cupola 



charges are placed as evenly as possible over the entire area of the 
cupoL 

"^The limestone which is added to decrease the viscosity of the cupola 
slag is distributed over each coke charge, and is kept away from the 
cupola lining. Since it is ordinarily possible to make the coke charges 
more even across the cupola than the metal charges, the limestone can 
be distributed to better advantage on the layers of coke. The amount 
of limestone required for good operation is dependent upon the ash 
content of the coke as well as upon the cleanliness of the metals used ill 
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the cupola charges. As a rule, 20 per cent of the weight of the fusion 
coke is a satisfactory proportion for the limestone additions. 

X* Mechanical Charging Equipment.— Much attention has been given 
to the development of mechanical equipment for transporting materials 
from stock piles to melting furnaces. At those foundries where large 
quantities of metal are melted in cupolas, charging equipment is often 
used for placing the metal, fuel, and flux in definite positions within the 
cupolas. The necessity of regular and uniform distribution of the 



Fig. 67 .—Charging Bucket (Whiting Design) 

cupola charges will be discussed later. Many of the charging devices in 
regular use have drop-bottom buckets which are handled by electric 
cranes. The budtets may be loaded at any location and transported 
directly to the cupola, or to the charging floor where they are picked 
up by a special crane and placed in the cupola. A charging bucket 
having a cone-shaped -bottom is shown in Fig. 67. With equipment of 
this design, the loaded bucket is placed on a U-shaped support within 
the cupola, and the contents of the bucket are allowed to drop into the 
cupola when the bottom is lowered. 
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Melting and Tapping.—The melting is started soon after the coke 
and metal charges have been placed in the cupola. Melting conditions 
are not improved by allowing the cupola to stand for a long time before 
starting the blower. 7 It is possible, however, to defer melting for sev¬ 
eral hours after the cupola has been charged, if foundry conditions neces¬ 
sitate this delay. 

Within ten minutes after the blower is started, some molten metal 
will appear at the hole in the breast. As soon as a small stream of metal 
begins to flow out of the tap hole, this is closed by a cone-shaped lump 
of clay known as a bott which is applied by means of a metal bar. The 
stopping bott is pushed into the tap hole at an oblique angle, cutting the 
stream of metal from top to bottom. The tools used during the opera¬ 
tion of the cupola are shown in Fig. 68. The stopping bar aids in apply¬ 
ing the clay bott for plugging the tap hole and the slag hole. The tap- 

§ t= o 

STOPPING BAR 

fi——€ 

TAPPING BAR 

Fig. 68. -Tools for Cupola Operation 

ping bar has a tapered point and is used in chipping out the clay stopper 
for the removal of the iron or slag. 

During the melting period, the drops of metal travel down through 
the coke bed and collect between the pieces of coke in the crucible. 
Likewise, the molten slag accumulates within the coke bed below the 
tuyeres. The slag hole usually remains botted up until sufficient slag 
has accumulated within the cupola to permit its removal through the 
slag opening. Then the clay stopper in the slag hole is dug out ’with 
the tapping bar. When the slag layer approaches the top of the crucible, 
the molten slag runs out of the cupola into the slag spout. As soon as 
a stream of bright sparks appears at the slag hole, the metal is tapped 
from the cupola. Some attention is usually required to keep the slag 
hole open during the remainder pf the heat. With intermittent tapping 
practice, sufficient time is allowed between plugging and tapping for the 
slag to rise and flow out of the slag hole. This period is dependent on 
the height of the crucible as well as on the speed of melting. 

air pressure in .the wind belt is usually from 8 tq 16 ounces per 
square inch, depending upon the effective height of the cupola, the con- 
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dition of the charges, and the rate at which the air is supplied to the 
cupola. Under some conditions of operation, the pressure in the wind 
belt will at times be greater than 16 ounces per square inch, the 
beginning of a heat, the openings between the materials in a cupola 
allow comparatively free passages for the air, but after the cupola has 
operated for some time, the air passages become more obstructed with 
slag, and the pressure rises. Towards the end of the heat when the 
last charges are lowering in the cupola, the resistance offered to the flow 
of the air is decreased, and the pressure is lowered. The air pressure in 
the wind belt is a valuable index of conditions within the cupola^'' - '' 
The procedure in removing molten metal and slag from the cupola 
varies with the construction of this furnace. When a deep crucible is 



provided, the metal and slag are usually allowed to collect within the 
cupola until the slag is removed through the slag opening; then the tap 
hole is opened for the removal of the metal. When the distance from 
the sand bottom to the tuyeres is small, the molten iron and slag are 
allowed to discharge continuously through the tap hole. By the proper 
adjustment of the sifce of the tap hole during long heats, it is possible 
to remove the slag through the upper opening and to maintain a con¬ 
tinuous stream of metal through the lower opening. 

Several types of receivers are employed for holding the metal as it 
flows from the cupola. A large ladle mounted on trunnions in front of 
the spout commonly serves as a reservoir for molten metal. The teapot- 
spout ladle shown in Fig. 123 in Chapter XII is well suited to this pur¬ 
pose, As a rule, the metal is poured from the receiver into *ladles for 
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distribution to the molds; however, it may be desirable in some foundries 
to transport the receiving ladle by an overhead crane for the pouring of 
large molds. 

Another means for holding a supply of molten metal is the fore¬ 
hearth, which is a stationary reservoir connected to the cupola by a 
short spout. The forehearth is usually heated by an oil burner and has 
a tap hole at the bottom and a slag hole near the top. With the arrange¬ 
ment shown in Fig. 69, most of the slag can be separated from the metal 
at the spout. Alloys and cleansing reagents can be added to the metal 
in the forehearth. 

The different types of receivers as well as pouring ladles are con¬ 
structed of steel plate and are lined with refractories. Large ladles and 
forehearths have one or more courses of fire brick on the inside, whereas 
small ladles are lined with mixtures of silica sand and fire clay. All 
ladles are thoroughly dried and preheated before being used for holding 
molten metal. 

Dropping the Bottom.—When the requirements for molten metal 
have been met, or the metal in the cupola has been completely melted, 
the operation of the cupola is immediately discontinued by stopping 
the blower. The next step is to remove the entire contents of the 
cupola.\LThe molten metal is first drained from the crucible through 
the tap hole; then the remaining materials are allowed to drop out 
when the props which support the bottom doors are pulled away.' A 
stream of water is directed on to the pile of burning coke, slag, and 
unmelted metal. The coke recovered from this pile can be used as a 
cover for the last metal charge in following heats. 

Principles Relating to Cupola Operation 

In the previous discussion on the cupola furnace, attention has been 
directed to the construction and operation of the cupola. It is well to 
understand the nripciples which relate to the operation of this important 
melting unit. '*as the combustion of the fuel and the melting of the 
metal are confined within a refractory-lined furnace, the proportions of 
all materials used in the charges can be controlled so that economical 
melting will be achieved. |A definite amount of air may be supplied to 
the cupola, containing sufficient oxygen to bum a definite weight of 
coke, which in turn will produce sufficient heat to melt and superheat a 
definite weight of metal. Furthermore, a definite weight of flux is 
necessary to obtain satisfactory slagging conditions. When the propor¬ 
tions of air, fuel, flux, and metal are correct, reliable and uniform melt¬ 
ing conditions are obtained in the cupols**^" 
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Combustion in the Cupola.—The principles of combustion within the 
cupola are based upon the chemical reactions which take place when 
carbon and oxygen are brought together at relatively high temperatures. 
Some heat is also derived from the oxidation of the metallic elements in 
the cupola charges. 

When the cupola is in operation, air is delivered at a relatively low 
pressure into a bed of hot coke in the lower part of the cupola. Addi¬ 
tional fuel is supplied in the coke charges to preheat, melt, and super¬ 
heat the succeeding metal charges. The conditions for supporting com¬ 
bustion are not ideal because the materials used for this purpose are 
not in the pure, elementary form. Foundry coke usually contains over 
5 per cent by weight of ash, which must be removed after the coke has 
burned, and the nitrogen content of the air is about 76.9 per cent by 
weight. ' J ¥he intensity of the heat developed by the oxidation of the 
carbon in the coke is decreased by the nitrogen in the air supplyf flow- 
ever, t he heat efficiency of the cupola is high compared with other melt¬ 
ing furnaces because the products from the combustion of the fuel 
come in direct contact with the materials being melted, and the counter 
flow of gases and melting stock permit the recovery of much of the heat 
produced within the cupola. 1 

At the high temperatures encountered in the bed of a cupola fur¬ 
nace, the oxygen in the air supply combines with the carbon in the coke 
to form carbon dioxide. The chemical reaction for the complete com¬ 
bustion of carbon is as follows: 


C -f- O 2 = CO 2 ~h heat 


(A) 


This equation implies that 12 pounds of carbon will combine with 32 
pounds of oxygen to produce only carbon dioxide with an evolution of 
heat. The complete combustion of 1 pound of carbon requires 2.66 
pounds of oxygen, and develops 14,550 B.t.u. of heat. 

Another chemical reaction which occurs to some extent in normal 
cupola operation is.indicated by the following equation: 


CO 2 + 2CO - heat 


(B) 


This secondary reaction takes place when the carbon dioxide which was 
formed by complete combust^ comes in contact with more carbon at 
high temperatures. For every pound of carbon consumed in this way, 
5,850 B.t.u. of heat Are absorbed from the reacting materials. ^Hence, 
the conditions which favcSt this reaction are avoided as much as possible 

in cupola practice.' > fc . ■ '■ ' v ‘ 

va/ ■. 
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When the cupola blower is operating, the air which enters the tuyeres 
encounters the hot coke in the bed and soon becomes heated. Com¬ 
bustion of the coke proceeds more rapidly as the air passes up through 
the coke in the bed. If the bed is of sufficient height, a location is 
reached at which the oxygen in the air is completely consumed by 
combustion to carbon dioxide according to reaction A. As the carbon 
dioxide thus formed continues to travel past more hot coke, some car¬ 
bon monoxide is produced according to reaction B. If the height of the 
coke bed and the rate of the air supply are properly adjusted, this heat¬ 
consuming reaction proceeds only to a minimum extent 

An extensive investigation of the conditions of combustion within a 
cupola furnace was made in 1913 by A. W. Belden of the U. S. Bureau 
of Mines. 3 The compositions and temperatures of the gases were found 
at many points within the coke bed of a cupola. From the results of 
these determinations, the area of highest temperatures in the fuel bed 
was found to have the shape of an inverted cone with the base intersect¬ 
ing the cupola lining 20 inches above the top of the tuyeres, when the 
air was supplied at a pressure of 5.3 ounces per square inch. The line 
A-B-C in Fig. 66 locates the cross section of the area of highest tem¬ 
perature in the coke bed. The heat produced within the coke bed 
(below the line A-B-C) is transferred to the metal charges by the gases. 
Below this area free oxygen is present in the gases. In order to melt the 
metal charges without excessive oxidation, all melting must be com¬ 
pleted above the level in which oxygen is present in the fuel bed of the 
cupola. The exact location of this area which is represented by the 
straight line A-C in Fig. 66 is dependent upon the velocity of the gases 
or indirectly on the volume of the air supplied to the cupola. 

Air Required for Combustion.—The amount of air required, and also 
the quantity of heat produced in burning 1 pound of carbon, depend 
upon the conditions of combustion. When the carbon is burned com¬ 
pletely to carbon dioxide, the maximum heat will be obtained. This 
condition requires 2.66 pounds of oxygen for each pound of carbon. 

The combustion condition within any cupola can be established by the 
analysis of the cupola gases. 4 '*%Ith good melting practice, the propor¬ 
tions by volume of carbon dioxide and carbon monoxide in the gases just 
below the charging door will be about equal. The gas samples from cupo¬ 
las operating under favorable conditions will show about 14 per cent 
carbon dioxide, 12 pet cent carbon monoxide, and 74 per cent nitrogen. 

When one-half of the carbon is finally burned ip carbon dioxide, and 
the other half to carbon monoxide, 1 pound || carbon will require 2.00 
pounds of oxygefi. [(2.66 X 0.5) + (1.33 To convert oxygen 
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to air, the weight of oxygen in pounds is divided by 0.231, which is the 
proportion of oxygen in air. It is found that 8.66 pounds of air are 
necessary to burn 1 pound of carbon under favorable conditions. As 
1 cubic foot of air at a pressure of 14.7 lb. per sq. in. and at 60 degrees F. 
weighs 0.0765 pound, 113 cubic feet of air are required for each pound of 
carbonV^A correction must be made on this volume of air whenever the 
conditions of operation are other than those specified. The correction 
factors for different combinations of atmospheric pressures and tempera¬ 
tures can be found on the chart in Fig. 70. To correct the volume of air 



Fig. 70.—Factors fob Correcting Volume of Air to Normal Conditions 


at 14.7 lb. per sq. in. and 60 degrees F. to other conditions of pressure 
and temperature, the volume in cubic feet at normal conditions is multi¬ 
plied by the factors given on the chart. 

t " t Tfie chief heat-producing constituent of foundry coke is the fixed 
carbon, which is usually about 90 per cent of the weight of the coke. 
The air required for the combustion of 1 pound of this fuel under the con¬ 
ditions as stated previously amounts to 102 cubic feet (113 X 0.90);tnis 
value will be used later in the computation for the size of blower for a 
given cupola. 

Many types of equipment have been proposed for recovering the 
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heat from the gases in the upper part of the cupola. In all these designs, 
a heat exchanger is used to preheat the air blast. The equipment devel¬ 
oped by the American Cast-Iron Pipe Company 5 makes use of hollow 
castings suspended vertically along the inside wall of the cupola. The 
air from the blower passes through these heating pipes on its way to the 
tuyeres. The equipment offered by The Air Preheater Corporation has 
a combustion chamber in which the gases from the cupola are burned, 
and a heat exchanger for preheating the air blast. A drawing of this 
equipment is shown in Fig. 71. It is generally agreed that the utilization 



Fig. 71 .— Griffin Hot-Blast Equipment 

Gases are drawn from the cupola below the charging door and pass into a combustion chamber 
where additional air is supplied to burn the combustible constituents in the gases. Then the hot 
gases pass through two banks of tubes in the preheater, and are finally discharged through an 
exhaust fan into the atmosphere. Air for the cupola is delivered by a blower through the heating 
chambers and hot-blast pipe to the tuyeres. 

of waste heat from the cupola furnace is feasible only when the foundry 
conditions require long herds. 

Height of Coke Bed.—THe coke bed is made sufficiently high so that 
ail melting of the metal charges will take place in that section of the 
cupola in which there is no free oxygen. The production of iron of good 
quality by this method of melting depends to a large extent upon main¬ 
taining the correct height of the coke bed throughout the entire heat. 
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When the bed is too low, the oxygen in the air supply will not be com¬ 
pletely consumed by the coke in the bed, and will pass up through the 
metal charges causing the rapid oxidation of the metal. If the coke bed 
is higher than is necessary for the complete consumption of the oxygen, 
the carbon dioxide formed initially will combine with more carbon in 
the upper part of the bed to produce carbon monoxide. This reaction 
will prevent the development of the maximum amount of heat from the 
coke in the top portion of the bed and will retard the melting. 

The investigations which have been made of the conditions of com¬ 
bustion within the fuel bed of the cupola furnace have shown that the 
oxygen in the air supply is gradually consumed as it passes through the 
hot coke bed. A certain amount of time is required for the oxygen to 
combine with the carbon, and the distance that the oxygen travels 
before it is completely burned to carbon dioxide depends upon the 
velocity of the gases. This in turn is controlledlJy th of air 

3elIvered”fo the cupola. An increase in the volume of the air supply 
causes an increase in the pressure in the wind belt, other conditions being 
constant. As the air pressure can be readily measured, the location of 
v ^he region of minimum oxygen in the coke bed can be established most 
conveniently on this basis. The line A-C in Fig. 65 indicates thejpini- 
mum operating heights of the coke bed for all pressures in a cupola of 
any size. The points on the line A-C were computed on the basis of the 
increase in the velocity of the gases over that used by Belden to obtain 
a height of 20 inches, above the top of the tuyeres for the location of 
minimum oxygen. It is important that all melting of the metal charges 
be confined above the line A-Q where practically no oxygen is present 
in the gases. The line D-E locates the top of the 6-inch layer of coke 
which will replace the coke consumed in the development ef heat for 
melting and superheating the first metal charge. To compensate for the 
settling of the bed, as well as for the consumption of fuel from the time 
the coke bed is measured until the blower is started, the bed is increased 
by an additional h|$ght of 10 inches; this is known as safety coke. Under 
normal operating Ijonditions, the height of the coke bed varies between 
points on the and points on the line A-C corresponding with 

the operating a|| pressure in the wind belt. The coke between these 
limits is replac^ hitermittentJy by the succeeding coke charges. 

Coke C h a r ge^ —The coke in the bed which is consumed to furnish 
the heat for melting the metal charges is replenished by the intermediate 
coke charges. In this way, the coke bed is maintained at the correct 
level to insure favorable melting conditions. To decrease the formation 
of carbon monoxide, which lowers the temperature of the gases, the 
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coke charges are kept as small as practicable. With the ordinary sizes 
of foundry coke, layers less than 6 inches in thickness are not readily 
obtained. Therefore, each coke charge will contain a definite weight 
of dry coke which can be placed to a height of 6 inches within the cupola. 
This amount of coke can be determined experimentally by weighing the 
coke which will fill a cylinder having the same diameter as the cupola 
and a height of 18 inches, and dividing by 3. The volume occupied by 1 
pound of foundry coke varies with the method of manufacture, as well as 
with the care taken in handling this fuel. If the relation of weight to vol¬ 
ume for a specific coke can not be found by trial, it may be assumed that, 
t^as an average, 1 pound of foundry coke occupies 65 cubic inclx^ The 
coke charges are placed as level as possible over the entire area of the 
cupola so that the top of the coke bed will remain level during the entire 
melting period. 

When large pieces of iron scrap or large bundles of steel scrap are 
included in the metal charges, it is desirable to have the coke charges 
of sufficient thickness so that combustion will be maintained for the 
length of time required for all the metal in each charge to be melted 
before it reaches the region containing free oxygen. 

Metal Charges.—Thq^he&t from the combustion of the coke pre¬ 
heats, melts, and superheats the pig iron and scrap metals in the charges. 
The rati<^of the weight of metal melted for each pound of coke is depen¬ 
dent upon a number of conditions, among which are: (1) the quality of 
the coke, (2) the relative proportion of the surfaces of the pieces of metal 
which are exposed to the hot gases, and (3) the amount of superheat 
required in the metal. The greater the fixed carbon content of the coke, 
the more heat will be produced from a given weight of this fuel. Scrap 
metals having relatively thin sections absorb heat more rapidly than 
heavy pieces of pig iron or scrap. Furthermore, the metal which is 
poured into castings with light sections is usually heated to higher tem¬ 
peratures than the metal which is used in castings with heavy sections. 
When steel scrap is used in the charges for the cupola, some carbon is 
necessarily consumed in carburizing this material. Therefore, the ratio 
of the weights of metal to coke must be established on the basis of all 
the operating conditions. The average practice is to melt 8 pounds of 
metal with 1 pound of fusion coke, ^fter the weight of one-coke charge 
is found for a specific cupola practice, this Weight is multiplied by 8 to 
obtain, the weight of one metal chargex^ 

^^Rafe of Air Supply.—Because the operation of the cupola furnace 
requires a continuous supply of fuel and air, the control of this melting 
process is based on the rate at which combustion takes place. The 
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volume of air required for the combustion of 1 pound of coke has been 
derived. Also, the method for computing the weight of one coke charge 
has been established. From these values, the volume of air required 
for the combustion of one coke charge can be readily found. This 
amount of air, when supplied to the cupola at a favorable rate, will melt 
and superheat one metal charge. The most satisfactory melting condi¬ 
tions are obtained when the air is supplied to a cupola at a rate which 
will burn one coke charge (6 inches in height) and melt one metal charge 
in 5 minutes. The loss of air in the piping from the blower to the 
cupola and at the wind belt is sometimes assumed to be 5 per cent of the 
total air delivered by the blower. 

The following calculations are used in finding the air required as well 
as the melting rate of a cupola lined to 54 inches in diameter. 


3.14 X 27 X 27 X 6 
65 


211 lb. of coke in one charge. 

JawM-. r 


211 X 102 = 21,522 cu. ft. of air required to burn one coke charge. 
21,522 5 = 4,304 cu. ft. net volume of air required in one minute. 

4,304 -f- 0.95 = 4,530 cu. ft. total volume of air required in one minute. 
211 X 8 = 1,688 lb. of metal in one charge. 

^^88 X 12 = 20,256 lb. of metal melted in one hour. 


Cupola Fluxes.—The non-metallic, non-combustible materials which 
accompany the cupola charges or are produced during melting form a 
viscous slag within the cupola. If this slag accumulates in sufficient 
quantity, it will interfere with good melting practice. The combustion 
of the fuel is retarded by the presence of a gummy slag which adheres 
to the surfaces of the pieces of coke. Furthermore, slags which fuse at 
high temperatures obstruct some of the gas passages througlrthe charges 
and consequently make uniform melting impossible. The viscosity of 
cupola slags is lowered by the addition of fluxes to the charges. Lime¬ 
stone (CaCOa) is the most important cupola flux, although fluorspar 
(CaF 2 ) and soda ash (Na 2 CC> 3 ) are also used for this purpose. Specifi¬ 
cations for cupola fluxed sure given in Chapter II. 


The most satisfactory fluxing material is calcium oxide (CaO), which 
is produced by mi decomposition of limestone within the cupola. The 
calcium oxide combines with silicon oxide (SiC> 2 ) to form a calcium sili- 
cate slag.. CaO + g.^ Cagi()3 


This reaction requires 1.66 pounds of pure limestone, or 1.71 pounds of 
limestone containing 3 per cent of impurities, to unite with each pound 
erf silicon oxide. 



THE CUPOLA FURNACE 


107 


The silicon oxide content of the cupola charges is derived mainly 
from the ash of the coke, from the products of oxidation of the metal, and 
from the sand on the iron scrap. If it is assumed that the coke contains 
10 per cent ash, and that 250 pounds of coke are required to melt 2,000 
pounds of metal, 25 pounds of ash will be produced in the cupola during 
the melting of each ton of metal. As the ash contains approximately 50 
per cent of its weight of silicon oxide, the combustion of 250 pounds of 
coke will produce 12.5 pounds of silicon oxide. 

During the melting of the metal mixtures in the cupola, silicon is 
oxidized to the extent of about 10 per cent of the total silicon in the 
metal charges. The silicon oxide from this source collects in the cupola 
slag. If it is assumed that the total metal mixture contains 2.20 per cent 
silicon, the normal oxidation of 2,000 pounds of metal will result in the 
formation of 9.4 pounds of silicon oxide. When this amount is added to 
the weight of silicon oxide from the coke used in melting the metal, a total 
of 21.9 pounds will be obtained. The weight of limestone which will be 
required to produce a liquid slag by combining with the silicon oxide 
from these two sources alone amounts to 37.4 pounds, or the equivalent of 
about 15 per cent of the weight of the coke used. Other sources of slag 
in the cupola are the patching material and the sand on the metals 
which are charged into the furnace. The limestone is apportioned 
according to the conditions of operation for every cupola; as a rule, 20 
per cent of the weight of the coke consumed in melting is a satisfactory 
proportion for the limestone additions. This flux is distributed over 
each coke charge and is kept away from the lining. As the coke can 
usually be placed more level in the cupola than the metal charges, the 
limestone can be distributed more uniformly over the coke layers. 

Fluorspar is a very active fluxing agent for cupola slags and is often 
supplied with the limestone in the cupola charges; as little as 5 per cent 
of the weight of the limestone is sufficient to increase noticeably the 
fluidity of the cupola slag. 

Soda ash is also used to increase the fluidity and the dissolving action 
of cupola slags. Under favorable conditions, soda aslMs a valuable 
desulphurizer of the metal. A combination of one part of soda ash and 
ten parts by weight of limestone is sometimes used as a cupola flux. 


Zones in the Cupola 

The entire shaft of the cupola may be divided into four sections for 
convenience in examining the operation of this furnace. The interior 
of a cupola with the charges in place ready to begin malting is shown in 
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Fig. 63. The stack extends from the sill of the charging door to the 
top of the shell. This section serves only for the removal of waste heat 
and gases from the cupola. 

Zone A extends from the charging door to the top of the coke bed. 
Within this volume, the coke and metal charges are preheated by the 
ascending gases. On account of the deficiency of oxygen in the gases in 
zone A, practically no combustion of the coke takes place in this section. 
The heat in this region is sufficient to dissociate the limestone flux into 
lime and carbon dioxide and to melt some thin pieces of metal. Near 
the bottom of zone A , the temperature of the gases is about 3000 degrees 
F., and the temperature decreases as the gases travel up through the 
charges. At the level just below the charging door, temperatures of 
800 to 1500 degrees F. have been obtained. 

The bottom of the tuyeres locates the lower level of zone B as shown 
in Fig. 66. Maximum combustion of the fuel takes place within this 
section. Furthermore, the charges are so arranged that maximum 
melting and superheating of the metal occurs in the upper part of zone B . 
The lower portion of the interior of the cupola from the bottom of the 
tuyeres to the sand bottom is the crucible. Molten metal and slag 
collect between the pieces of coke within this volume. As practically 
no combustion takes place below the tuyeres, it is impossible to add heat 
to the metal which is retained in the crucible. 

Cupola Blowers 

The two types of blowers which are used for supplying air at the low 
pressures required for cupola operation are the positive-displacement 



Fig. 72. —Positive-Displacement Blower 

blower and the centrifugal blower. The construction of the positive- 
displacement blower is illustrated in Fig. 72. *Ewo impellers mounted 
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on parallel shafts rotate in opposite directions within a casing which has 
an air inlet at one side and an outlet at the opposite side. These impel¬ 
lers run close together, but without touching each other or the sur¬ 
rounding casing. The necessary relative motion of the two impel ers is 
obtained by gears mounted on the shafts. With each revolution of each 
impeller, twice the volume of air between the impeller and casing is 
pushed around to the discharge opening. A small allowance is made 
for the slippage of air past the ends of the impellers. The advantage of 
this type of blower is that a constant volume of air is delivered to the 
cupola irrespective of changing conditions within the furnace. The 
output from a positive-displacement blower can be varied to suit 
requirements by using a variable-speed motor or a variable-speed trans¬ 
mission connected to a constant-speed motor. 

The centrifugal blower has a scroll-shaped casing within which an 
impeller with curved blades is rotated at a high speed; with most designs 
the impeller is mounted directly on the shaft of an electric motor. Air 
enters the impeller and is discharged into the casing where the velocity 
energy is changed to pressure energy. When a centrifugal blower is 
operated at a constant speed, the output is dependent on the pressure 
against which the air is delivered. On account of the changing resistance 
offered to the flow of gases within the cupola furnace, the centrifugal 
blower without auxiliary equipment is not well adapted to supplying auf 
for cupola melting. 

Equipment has been developed for the control of the air supplied to 
cupolas, which requires the use of a centrifugal blower and an electric 
motor having characteristics such that the weight of air delivered by 
the blower is proportional to the power input to the motor. This equip¬ 
ment includes a blast gate which serves as a variable restriction in the 
air line. When the blower is running at constant speed, the adjustment 
of the blast gate will affect the amount of power ^d b^the motor and 
therefore the weight of air delivered by the centrifugal blower. With the 
aid of suitable electrical controls, the equipment for a cupola installation 
can be set to deliver a constant amount of air reg^Stess of atmospheric 
conditions or the resistance to the flow of gases within the cupola. 

Another system of air control for foundry on the 

measurement of the air flow by means of an orifice plate in the air line. 
The differential pressure created across the orifice plate actuates the air- 
control mechanism. This instrument compensates fdlehanges m atmos¬ 
pheric temperature, barometric pressure, and pressure in the wind belt. 
The air supply is controlled by throttling either the intake or discharge 
side of a centrifugal b$6wer. When a positive-displacement blower is 
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used with this equipment, the control of the air is secured by changing 
the speed of the blower or by wasting the air in excess of the volume 
required. 

THE AIR FURNACE 

The air furnace is used chiefly at foundries producing malleable iron 
castings, although some installations are used for the production of gray 
iron castings of superior quality. The principal advantage of this melt¬ 
ing equipment over the cupola furnace lies in the possibility of obtaining 
a low total carbon in the molten iron. It is also possible to obtain any 
desired temperature of the metal before pouring. The average capacity 
of the air furnace is 20 tons of metal in each heat, 8 With powdered coal 
as fuel, this amount of metal can be melted and superheated in about 
5 hours. 


Construction of the Air Furnace 

The construction of an air furnace for burning powdered coal or fuel 
oil is shown in Fig. 73. This furnace has a long, shallow hearth above 


STACK 




' /■. SECTION A-A 

73.—Cboss Section of Air Furnace 


which are a sloping roof and a stack through which the products of 
combustion escape. When lump bituminous coal is used for fuel, it is 
burned on grates at one end of the furnace. With this arrangement, 
the hot gases pass over a bridge wall, through the furnace, and up the 
stack. 
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The hearth is prepared with silica sand which is rammed upon a 
base of fire brick and fuses in place to form a hard, smooth surface. 
The bottom of the hearth slopes from both ends towards the center 
where a tap hole is provided on each side of the furnace for removing 
the molten metal. 

The roof is made of arched sections or bungs of fire brick which are 
held in adjustable metal frames so that these sections can be removed 
for repairing or charging the furnace. The joints between the bungs 
are packed with fire clay. A relatively flat arch is required to distribute 
the hot gases and to reflect the heat upon the metal on the hearth. 

The side walls are constructed of two rows of fire brick laid against 
heavy cast-iron plates which are held in place by vertical supports car¬ 
ried into the foundation. On one side of the furnace two or more open¬ 
ings are provided for stirring, skimming, or sampling the metal in the 
bath. Additional air is introduced through a door or open brickwork 
at the bottom of the stack to lower the temperature of the gases. 

Operation of the Air Furnace 

When the furnace is ready to be charged, the sand bottom is covered 
with wooden boards so that it will not be damaged by the materials 
placed in the furnace. The metal charge consisting of malleable iron 
scrap, steel scrap, and pig iron is distributed over the full length of the 
hearth and is piled up nearly to the roof. On completion of the charg¬ 
ing, the bungs are replaced, and fuel is supplied through burners located 
at one end of the furnace. 

When the metal is partially melted, it is necessary to stir the bath 
to obtain a uniform temperature throughout. During the melting 
period, some of the elements in the charge are oxidized, forming a layer 
of slag which collects on the surface of the metal bath and protects the 
metal from further oxidation. The length of time required for super¬ 
heating the metal can be decreased by removing the slag cover which 
insulates the bath from the hot fuel gases. The bath is usually skimmed 
two or three times during each heat by means cl hammers on metal 
rods inserted through the doors on the sides of the furnace. 

The melting conditions within the furnace are affected by the air 
supplied in excess of that required for the combustion of the fuel; the 
usual practice is to introduce from 25 to 50 per cent excess air. This 
atmosphere above the hearth causes the oxidation of some of the elemen¬ 
tary constituents in the metal charge. The oxide of carbon separates 
as a gas, whereas the oxides of silicon and manganese collect in the slag. 
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The loss of silicon amounts to about 30 per cent of the total silicon, and 
the loss of manganese is about 40 per cent of the manganese in the charge. 
Carbon is also reduced to the proportion desired in the castings. These 
changes in composition, as well as the changes in the temperature of the 
metal, are established by the inspection of the fractured surfaces of test 
specimens which are cast at intervals with metal from the hearth. 

Fuel economy is usually expressed as the ratio of pounds of iron 
melted for each pound of coal consumed; this ratio depends upon the 
size of the air furnace, the melting stock, the quality of fuel used, and 
the method of operating the furnace. It has been reported 9 that 3 



Courtesy of Whiting Corporation 

Fig. 74. —Aik Furnace with Powdered Coal Equipment 


pounds of metal nielted per pound of pulverized coal is a satisfactory- 
fuel ratio in mappible iron practice. 

Most of the plants operating air furnaces use powdered coal for fuel. 
The two systems for preparing powdered coal are the central system 
employing a pulverizer with pipes leading to the separate furnaces, and 
the unit system with a pulverizer and blower for each furnace. An 
installation of a powdered coal Unit in connection with an air furnace is 
illustrated in Fig. 74. 

Rotary air furnaces fired with pulverized co#;are being used to some 
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extent for melting and superheating special grades of iron. This type 
of furnace has a cylindrical steel shell with tapered ends. On the out¬ 
side of the shell two steel tires rest on wheels in the frame and allow the 
shell to be rotated. A monolithic lining of ganister or a lining of refrac¬ 
tory blocks is provided on the inside of the shell. Pulverized coal is 
supplied to a burner at one end of the furnace, and the products of com¬ 
bustion are discharged at the opposite end. After the metal charge has 
partially melted, the shell is rotated slowly, and the heat in the lining is 
conducted to the metal. Rotary air furnaces are built with capacities 
of 2§, 5, and 10 tons of metal. 

The initial cost of an air furnace is much more than that of a cupola. 
Furthermore, the expense of operating and maintaining the equipment 
is greater for the air furnace than for the cupola. The use of an air 
furnace is therefore warranted only when the control of the entire com¬ 
position as well as of the temperature of the metal is necessary in the 
production of castings requiring special properties. 


THE ELECTRIC FURNACE 

Electric furnaces have been used for many years in steel foundries, 
but their introduction to iron foundries is comparatively recent. This 
extension of electric-furnace practice has been brought about by the 
large demand for iron castings having superior properties. On a heating- 
value basis, electrical energy usually costs more than liquid or solid fuels. 
This handicap of the electrically heated furnace for cast iron is overcome 
to some extent by the possibility of using low-priced materials in the 
furnace charges. Cast iron of good quality can be obtained by melting 
cast-iron borings of known composition and other kinds of scrap metals 
in the electric furnace. This method of melting is of special importance 
in districts where the prices of pig iron and coke are relatively high. 

The two types of electric furnaces used in gray iron foundries are the 
direct-arc furnace and the indirect-arc furnace, each of which will be 
described later. In addition to the cost of labor, tile main items in the 
cost of melting cast iron in electric-arc furnaces am powfefy electrodes, 
and refractories. The average power consumption for intermittent 
operation of arc furnaces is from 500 to 600 kw.-hr. p# ton of iron 
melted. Under favorable conditions, it is necessary to use from 4 to 9 
pounds of graphite electrodes or 12 to 15 pounds of carbon electrodes 
during the melting and superheating of each ton of metal. The cost of 
refractories will averagef40 cents per ton of electric-furnace iron. 
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Direct-Arc Furnace 

The “Lectromelt” furnace shown in Fig. 117 in Chapter XII has 
three electrodes arranged in a vertical position above the hearth. In 
this type of furnace, the current passes from one electrode to another 
through the metal on the hearth. When the furnace is in operation, the 
electrodes are raised and lowered by automatic controls to maintain the 
arcing of the current. The transformers and electrical control equip¬ 
ment are located in a separate room adjacent to the furnace^ A charging 
door is provided at one side with the pouring spout on the opposite side, 
and the furnace is tilted for charging, slagging, or pouring. 

Direct-arc furnaces are rated on the basis of the hourly output, using 
cold charges and an acid lining. The maximum holding capacity of a 
furnace is from three to four times the rated output. Most of the direct- 
arc furnaces which are used in gray iron practice have ratings of l| to 5 
tons per hour. 

Indirect-Arc Furnace 

With the indirect-arc furnace, the arc is formed between two elec¬ 
trodes which are placed horizontally above the hearth. The Detroit 



Courtesy of Detroit Electric Furnace Company 

Fig. 75.— Indirect-Arc Furnace 


rocking furnace shown in Fig. 75 uses the indirect-arc method of heating, 
and has a mechanism for automatically rocking the furnace through any 
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desired angle. Heat from the arc is radiated to the metal within the 
furnace as well as to the lining of the furnace, and the rocking action 
permits the conduction of heat from the lining to the metal. Further¬ 
more, the movement of the shell of the furnace produces a thorough 
mixing of its contents. The operation of this furnace requires the use 
of a transformer to reduce the voltage of the power line to about 120 
volts at the electrodes. 

Methods of Operation 

Several methods are employed in operating electric furnaces. One 
consists of melting cold charges, adjusting the composition of the metal 
in the furnace, superheating, and finally pouring the entire melt. In 
another, molten metal is transferred from a cupola to the electric furnace 
where the required analysis is obtained, and the metal is heated to the 
desired temperature. Additions of steel scrap and ferro-alloys can be 
made directly to the furnace. Another method of operating the electric 
furnace is to retain a bath of molten metal in the furnace during the 
entire operating period. At short intervals, in some cases every fifteen 
minutes, a portion of the molten metal is poured out, and an equal 
weight of cold metal is charged into the furnace. This practice of draw¬ 
ing off and charging the metal in small amounts is continued until the 
required amount is melted. 
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REVIEW QUESTIONS 


I 

What conditions should be taken into account when establishing the height of 
crucible for a cupola? 

II 

What is meant by the effective height of a cupola, and what should this distance 
be for large cupolas? 

III 

What precautions should be observed in repairing a cupola lining? 

IV 

When is the breast placed in the cupola? 


V 

Find the volume of air at normal conditions to burn 1 pound of coke. Assume 
that the ratio of carbon dioxide to carbon monoxide is 2 to 1, and that the 
air is supplied at 30 degrees F. with the barometer at 30.5 inches of mercury. 

VI 

Define the three zones in a cupola through which the metal passes, and state 
what takes place in each of these zones. 


VII 


Define fusion coke. 
60-inch cupola. 


Determine the weight of fusion coke in each charge for a 
VIII 


Determine the diameter of cupola, the size of tuyeres, and the capacity of 
blower for a foundry requiring 30 tons of molten metal per hour. 


IX 

A metal mixture containing 20 per cent of steel scrap, 30 per cent of iron scrap, 
and 50 per cent of pig iron i^ used in a cupola having an inside diameter of 
48 inches and a crucible 20 ihches in height. Find the weight of coke in 
the bed and In each epke latter. What is the capacity of the cupola in tons 
per hoiir? "* 

* 'i ' . v f x 

Six cast-iron tuyeres are to be used in a 60-inch cupola having a shell 78 inches 
in diameter. Prepare a drawing with complete dimensions for these tuy¬ 
eres. Also indicate the method of molding for these castings. 
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XI 

A foundry producing automobile castings requires 18 tons of molten metal per 
hour. Determine the size of cupola, and the weight of metal in each charge. 


XII 

Determine the weight of cupola flux required at a foundry melting 40 tons of 
iron in each heat. 

XIII 

What are the advantages of melting cast iron in air furnaces? 

XIV 

Account for the difference in the total cost of melting cast iron in the air furnace 
and in the cupola furnace. 

XV 

Describe two methods for lighting the coke bed in a cupola furnace. 

XVI 

Explain the order of adding the materials in each metal charge for the cupola 
furnace. 

XVII 

What determines the length of time between plugging and tapping a cupola? 

XVIII 

Describe two types of receivers for molten metal. 

XIX 

Indicate on a drawing of the transverse section of a cupola the location of 
maximum temperature. 

XX 

Explain the purpose of a cupola flux. 

XXI 

What size of cupola is required to obtain the same melting rate as that of a 
20-ton air furnace? v . : : v 

XXII 

What are the advantages of the electric furp^ce aSa melting unit for iron 
castings? f; y 

XXIII .2 \ 

Explain three methods for the operation of electric furnaces for producing iron 
castings. 




CHAPTER VI 


METHODS AND EQUIPMENT FOR CLEANING AND 
RECLAIMING CASTINGS 

CLEANING METHODS —Tumbling Mills—Blasting Equipment—Pickling—Hy¬ 
draulic Cleaning Equipment—Brushes—Grinding Wheels—Sprue Cutters—Power- 
Operated Saws—Gas Cutting Torches—Chipping Hammers—Combinations of 
Cleaning Methods— WELDING METHODS —Gas Welding—Electric Arc Welding 
—“ Thermit ” Welding—Welding with Metal from Furnace—Welding Cast Iron— 
Welding Steel—Welding Non-Ferrous Alloys— GENERAL REQUIREMENTS 

All castings produced in sand molds are covered with a more or less 
tenacious layer of sand and have the gates attached when taken from 
the molding floor. To prepare the castings for commercial use, they 
must be cleaned by removing the sand, scale, and all extraneous metal. 
Furthermore, some minor defects are corrected by welding before the 
castings leave the foundry. Castings of the more ductile metals which 
have become deformed during the manufacturing process are often 
worked in presses to the desired shapes and dimensions. The cleaning 
operations begin as soon as the castings are shaken from the sand and 
continue until the castings are shipped from the foundry. Even castings 
which are made in metal molds require some cleaning operations. Since 
the cleaning and finishing costs are often a large proportion of the total 
manufacturing expense, special attention is usually given to methods and 
equipment for this division of foundry practice. 

CLEANING METHODS 

The equipment used in cleaning castings may be divided into two 
groups as follows: 

For Removing Sand and Scale For Removing Metal 

Tumbling mills Grinding wheels ' 

Blasting equipment : Sprue cutters 

Pickling tanks Power-operated saws 

Hydraulic equipment Gas cutting torches 

Brushes Chipping hammi&js 


118 



CLEANING METHODS 


119 


Tumbling Mills 

A method which is in general use for cleaning a variety of work con¬ 
sists of tumbling the castings inside rotating barrels. The tumbling 
barrel or mill illustrated in Fig. 76 has a steel shell either round or square 
in shape with a hollow trunnion attached to each head. The frame of 
the machine carries the bearings and the driving mechanism. Tumbling 
mills are usually connected to an exhaust system for removing the dust 
from the machines. The air enters through one of the hollow trunnions 
and is drawn out at the other end of the mill. The speed of rotation of 
the barrel is about 30 revolutions per minute. Most of the space within 
the barrel, after the castings have been loaded, is filled with small pieces 



Fig. 76. —Cleaning Equipment for Metal Castings 

Showing blasting cabinet, tumbling mill, and stand grinders. 


of metal called stars. The abrasive action produced within the mill 
cleans the surfaces of the castings rapidly and economically. 

Blasting Equipment 

A very effective method for cleaning the surfaces of metal castings 
is by the use of a stream of high-pressure air into which quartz sand or 
metal abrasive is introduced. The different types of equipment for 
blasting purposes include blasting rooms, blasting cabinets, blasting 
barrels, and rotary blasting tables. The essential parts of this equip¬ 
ment are a mixing chamber for the sand and air, a hose and nozzle for 
directing the stream of abrasive on the work, some means for recovering 
and returning thfe abrasive to the mixing chamber, and a dust-collecting 
system;, 'ftie operations within blasting rooms of modem design are 
controlled from outside by an Operator who makes observations through 
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windows. An opening at one side allows the operator to direct the 
stream of abrasive material on the castings. 

Blasting cabinets are particularly suited to the cleaning of small 
castings. The cabinet shown in Fig. 76 is built of sheet steel and has 
openings at the front through which the operator’s hands are inserted. 
The operator watches the progress of the blasting through a glass 
window. Doors are provided at one side for placing the castings in the 
cabinet. 

In some designs of blasting equipment, rotating barrels are used in 
combination with streams of abrasive material. It is possible to clean 



Courtesy of The American Foundry Equipment Company 

Fig. 77. —Blasting Barrels 


large quantities of small castings thoroughly and quickly by this 
method. An installation of two blasting barrels is shown in Fig. 77. 

A rotary table blasting machine is illustrated in Fig. 78. By this 
means, castings are carried from the loading position at the front of 
the machine, through the blasting chamber, and around to the original 
position. Nozzles are located in the blasting chamber to direct the 
streams of abrasive on all the exposed surfaces of the castings. 

A mechanical method of abrasive cleaning which eliminates the use 
of compressed air is employed at many foundries. In this method, sand 
or other abrasive is fed by gravity into a rapidly revolving wheel which 
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Courtesy of Pangbom Corporation 

Fig. 78. —Rotary Table Blasting Machine 


throws the abrasive against the castings being cleaned. During the 
cleaning process, the castings are tumbled so that all surfaces will be 
exposed to the stream of abrasive. 

Pickling 

Pickling is the term applied to the cleaning of metals by immersion 
in weak acid solutions. These solutions are held in tanks having acid- 
resisting linings of wood, lead, or hard rubber. When sulphuric acid is 
used in the pickling solution, the scale is dissolved, or is loosened by the 
hydrogen gas which is evolved when the acid attacks the metal beneath 
the scale. A bath of hydrofluoric acid will attack and remove the scale 
without affecting the metal. The concentrations of pickling solutions 
vary from 2 to 15 per cent of acid. In order to decrease the time of 
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pickling, the solutions are often heated to temperatures between 140 
and 180 degrees F. This method of cleaning is used chiefly for preparing 
the surfaces of castings for galvanizing and electroplating. 

Hydraulic Cleaning Equipment 

Equipment has been installed at a number of foundries for cleaning 
large castings by the hydraulic method. An installation of this kind is 
shown in Fig. 79. The castings are placed on a revolving table within 
an enclosed room. Streams of water at high pressure (up to 450 lb. per 
sq. in.) are directed on the castings by an operator who views the work 



Fig. 79.—Room for Hydraulic Cleaning 

Casting being fastened to revolving table. Water used at a pressure of 400 lb. per sq. in. 


through windows in the walls of the room. Molding sand and cores 
are removed without difficulty from large castings by this method of 
cleaning. With some installations of hydraulic cleaning equipment, the 
sand which is washed from the castings is recovered and used again in 
the foundry. 

Brushes 

Wire brushes which are employed extensively in the cleaning of metal 
castings are constructed of hardened steel wires held securely in wooden 
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blocks or in metal forms. Some brushes are made with wires of small 
diameter; others have thick flat wires. A rectangular brush with a 
wooden back is commonly used for cleaning flat surfaces by hand. 
Plain circular and cup-shaped brushes are used on power-driven 
machines. A wire-wheel brush having small flexible wires is well adapted 
to cleaning irregular surfaces. 

Grinding Wheels 

The use of grinding wheels for removing metal from rough castings 



Courtesy of Norton Company 
Fio. 80. —Portable Grinders 


is common practice at nearly all foundries. This operation, known as 
snagging, is an economical method for removing excess metal from both 
ferrous and non-ferrous castings. The grinders used in the cleaning 
rooms of foundries are of several types. The stationary type has wheels 
mounted on a heavy stand which is attached to the floor or bench. 
Portable grinders are operated by compressed air or electric power, and 
are built in units which can be handled and controlled easily by the 
operator. Two portable grinders for cleaning flat surfaces and comers 
of castings are illustrated in Fig. 80. The swing-frame grinder shown in 
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Fig. 81 is particularly suited to the snagging of large castings. It has a 
horizontal frame with a grinding wheel at one end and an electric motor 
at the other end. The frame is suspended on a chain from an overhead 
crane, and the grinding wheel is guided over the castings by the operator. 

The results obtained in grinding castings are dependent largely upon 
the grinding wheel and the speed at which it is operated. Grinding 
wheels are classified according to the kind of abrasive, the size of the 
particles of abrasive, the amount of the abrasive, the bonding material, 
and the grade or hardness of the wheel. The abrasive materials, which 



Courtesy of Norton Company 

Fig. 81.—Swing-Frame Grinder 

Cleaning large steel casting. 


are known by various trade names, may be placed in two general groups, 
namely aluminum oxide and silicon carbide. Aluminum oxide is used 
in wheels for grinding steel; silicon carbide is usually recommended for 
grinding cast iron and the non-ferrous alloys. 

Grinding wheels are prepared from many different grain sizes of the 
abrasives. These sizes are designated by numerals which indicate 
approximately the number of meshes per linear inch of a screen through 
which the grains will pass. The amount of abrasive used in the com¬ 
position of the wheels determines the structure, which is also indicated 
by numbers. 
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The types of bonds used in making grinding wheels include clay, 
silicates, shellac, rubber, and “bakelite.” Wheels made with clay bond 
are heated in kilns to the temperature of vitrification of the clay. Many 
grades of hardness are produced in grinding wheels containing the 
different bonding materials. 


Each manufacturer of grind¬ 
ing wheels has special desig¬ 
nations for classifying its prod¬ 
uct and provides tables from 
which a selection can be made 
for specific requirements. 

Sprue Cutters 

The most convenient means 
for removing the gates from 
small castings made of rela¬ 
tively soft metals is the sprue 
cutter illustrated in Fig. 82. 
This machine has two chisel¬ 
shaped cutters which shear 
the extra metal from the cast¬ 
ings. 

Power-Operated Saws 

Power-operated saws may 
be used for cutting the risers 
from steel castings. This 
method necessitates the mount¬ 
ing of the rough castings on 
the machines. Band saws are 
frequently used for trimming 
castings of the non-ferrous 
metals, 

Gas Cutting Torches 



Courtesy of The Toledo Machine and Tool Company 


Large sections of steel can rIG - 82 .—Sprue Cutter 

be cut rapidly and economically 

by special torches burning fuel gases and oxygen. A cutting torch in which 
acetylene gas is used with oxygen is shown in Fig. 83. One advantage 
of this method lies in the ease of moving from one position to another 
when trimming steel castings. The operation of cutting a riser from a 
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large steel casting is illustrated in Fig. 84. After the metal has been 
preheated at the section where the cut is to be made, a large supply of 
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Fig. 83—Cutting Torch 


oxygen at a high pressure (65 lb. per sq. in. for a 4-inch thickness) is 
introduced through the tip of the torch. This causes the metal to bum 
vigorously, and the heat generated is sufficient to melt the iron oxide 



Courtesy of Air Reduction Sales Company 


Fig. 84.—Cutting Risers from Steel Castings with Oxy-Acetylene Flame 

so that it runs off as a molten slag, exposing more metal to combine 
with the oxygen. 

Chipping Hammers 

Air-operated tools known as chipping hammers are commonly used 
for removing fins and other projections from castings. With this 
equipment, repeated blows are delivered to a cold chisel which is mounted 
on the hammer. Cores are often removed from large castings with the 
aid of these tools. 

Combinations of Cleaning Methods 

The selection of the most favorable methods for cleaning a definite 
group of castings depends upon the properties of the metal, the size 
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of the pieces, and the requirements as to the finish of the castings. Cast 
steel can be readily cut with the aid of a gas torch, whereas cast iron 
cannot be cut economically by this method. Small castings are brought 
to the metal-cutting machines, and large castings are usually cleaned by 
the use of portable tools. Some uses of castings require that the sur¬ 
faces be very smooth and free from imperfections. In others, the con¬ 
dition of the surfaces of the castings is of minor importance. 

At foundries where gray iron and malleable iron castings are pro¬ 
duced, the cleaning practice usually includes the removal of sand and 
scale by brushing, tumbling, blasting, or pickling, and the removal of 
surplus metal by grinding or chipping. The gate connections and fins 
on iron castings are broken off with hand hammers. 

In the steel foundry, the sand and scale are removed from the cast¬ 
ings by brushing, tumbling, or blasting; the gates and risers are cut off 
with gas torches, sprue cutters, or saws; and the fins are ground or 
chipped from the surfaces. 

Brass and aluminum castings can be cleaned more readily than the 
ferrous metals. Sprue cutters and band saws are commonly used for 
removing gates and risers. Revolving brushes, grinding wheels, and 
blasting equipment are also required for preparing these castings for the 
market. 

WELDING METHODS 

The extensive use of welding in the reclamation and repair of metal 
castings warrants some attention to this subject. The principal welding 
methods include gas welding, electric arc welding, and “ thermit ” weld¬ 
ing. When the gas flame or the electric arc is used as a source of heat, 
the material being welded is heated over a small area at one time, and 
the metal is deposited gradually. In the “thermit” process, the liquid 
metal is produced in bulk at a sufficiently high temperature to melt and 
unite the surfaces of the parts being joined. Thin sections or small defects 
can be welded advantageously by the use of the gas torch or the electric 
arc, whereas the “ thermit ” process is particularly adapted to the welding 
of large sections of metal. 

Gas Welding 

Various gas combinations can be used in producing a hot flame for 
welding metals. Acetylene (C 2 H 2 ) and oxygen (O 2 ) are in general use, 
although hydrogen and oxygen are satisfactory for some purposes. 
These gases are thoroughly mixed in correct proportions in a hand torch 
and are ignited at the nozzle or tip. 
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The equipment required for oxy-acetylene welding includes tanks of 
oxygen and acetylene, a suitable torch, and rubber hose to connect the 
torch to the gas supply. This equipment is shown in Fig. 85 and 86. 

Automatic regulators are used to reduce 
the pressures of the gases from those in 
the usual trade cylinders to the pressures 
suitable for welding. By adjusting the 
proportion of oxygen to acetylene at the 
torch, different types of flames can be pro¬ 
duced. When these gases are supplied in 
nearly equal volumes, a neutral flame 
which is used in most welding operations 
is obtained. One advantage of the oxy- 
acetylene flame over the electric arc for 
general welding purposes is that the 
temperature of the flame and the amount 
of heat can be controlled in the former 
method, whereas only a very high temper¬ 
ature can be produced by the electric 
arc. 

Electric Arc Welding 



Fig. 85.—Cylinders and Regu- 


An arc is produced when two con- 
lators for Oxy-Acetylene ductors of an electric current are brought 
Welding together to form a circuit, and then sepa- 

A-A«tyi«n. 'fader, contains por ° u * rated for a distance such that the current 
300 cu. ft. of acetylene gas is continues to flow through the gaseous 

g ^cetyie'ne'vaive medium between the solid conductors. 

c—Acetylene regulator. Electrical energy is transformed at the 

D-Cylintte pressure gage, maximum arc ^ heat w h ic h is concentrated within 
250 lb. per sq. in. 

e—H ose to toroh, preesure 4 to 6 lb. a small space. The conductor from which 
-rt per * q ’ *?• . . ... „ the current passes into the arc is des- 

F—Oxygen cylinder contains 220 cu. ft. r 

of oxygen gas. ignated as the positive electrode, the 

regulator. other conductor 88 the negative electrode. 

I—Cylinder pressure gage, maximum It is estimated that from two-thirds to 
2000 ib. per sq. in. ^ three-fourths of the total electric power 

which is converted into heat is expended 
at the positive electrode where the arc 
impinges. The remainder of the heat is produced between the 
electrodes or at the negative electrode. 


j—Outlet pressure gage 2 to 20 lb. per 
sq. in. 

K—Hose to torch. 
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There are two methods for utilizing the heat of the electric arc for 
welding purposes. In one, a rod of carbon is the negative electrode, 
and the metal object is the positive electrode. The arc produced 
between these electrical conductors heats the metal rapidly to the liquid 
state. For welding or building-up operations, additional metal is intro¬ 



duced within the heated area. A holder for carbon electrodes is shown 
in Fig. 87. The second method makes use of a low-carbon steel wire 
or rod of small diameter as the negative electrode. During the welding 
operations, this metal electrode is fused by the heat of the arc, and is 
gradually deposited on the work. |Metal electrodes are often coated 
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Fig. 87.—Carbon-Electrode Holder 


with materials which tend to decrease the oxidation of the weld metal 
by forming a non-oxidizing atmosphere in the vicinity of the weld. 
The holder shown in Fig. 88 has a metal clamp for gripping the elec¬ 
trodes during arc welding. 



Fig. 88.—Metal-Electrodr. Holder 


The current supplied to carbon electrodes is sometimes as high as 
600 amperes, whereas the current used for welding with metal electrodes 
rarely exceeds 400 amperes. The voltage which has been found to 
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give the most satisfactory results for arc welding varies from 15 to 
45 volts. A motor-driven, direct-current generator is usually employed 
for supplying the current for electric arc welding. 

“ Thermit ” Welding 

The “thermit” process for welding iron or steel castings utilizes the 
chemical reaction between finely divided aluminum and iron oxide. In 
this heat-forming reaction, the aluminum combines with the oxygen of the 
iron oxide to form aluminum oxide or slag, and iron is set free in a highly 
superheated state. A temperature of about 4800 degrees F. is obtained 
by the “thermit” reaction. 



Fiq. 89.—Equipment and Mold for “Thermit” Weld 


Commercial “thermit” is a mixture of granulated aluminum and 
iron oxide, the ratio by weight being approximately three parts of iron 
oxide to one part of aluminum. Other elements are added to the mix¬ 
ture to obtain the desired composition of the weld metal. The 
“thermit” mixture is not explosive, and there is no danger in handling/ 
or storing this material* 
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In the preparation of the parts to be welded, the surfaces are 
thoroughly cleaned, and provision is made for the contraction of the metal 
when it cools after welding. A pattern of yellow wax is shaped around 
and between the parts as shown in Fig. 89. It is necessary to place a 
flask around the sections to be welded so that a mixture of quartz sand 
and fire clay can be rammed around the wax pattern. Openings are 
provided in the mold for the pouring gate, riser, and preheating gate. 
When the mold is completed, a gas torch is used at the lower opening 
to burn out the wax and to preheat the exposed metal parts within the 
mold. This opening is plugged with sand as soon as the torch is 
removed. 

While the preheating is in progress, a charge of “thermit” is placed 
in the conical-shaped crucible which is supported above the pouring 
gate of the mold. The amount of “thermit ” required is dependent upon 
the volume of metal in the weld. This can be established by using 
“thermit” in the ratio of twenty-five times the weight of the wax used 
in making the pattern. A small quantity of magnesium powder is 
placed on the “thermit” mixture in the crucible, and this is ignited by 
a match or a hot iron. Within one minute, the “thermit” reaction is 
complete and the slag (AI2O3) has risen above the metal in the crucible; 
then the metal is tapped into the mold by striking the pin at the bottom 
of the crucible. The metal in its highly superheated state melts the 
ends of the parts within the mold and finally joins them in one mass. 
After the welded section has cooled slowly in the mold, the gates, risers, 
and all extraneous metal are removed from the joint. 

The “thermit” process of welding is adapted to the repair of heavy 
sections of cast iron or steel where large quantites of weld metal are 
required. These applications include the repair of large machine parts, 
railroad equipment, parts of ships, and steel-mill equipment. 

Welding with Metal from Furnace 

Defective or broken castings can be repaired in the foundry by using 
molten metal directly from the melting furnace. The pieces to be 
joined or built up are secured within a mold of refractory sand with 
inlet and outlet openings. Metal which has been highly superheated 
is run through the mold until the surfaces of the casting are heated to 
a temperature at which they will fuse with the molten metal; then the 
outlet is stopped off and pouring is continued until the mold is filled. 
This welding method is particular^ adapted to the reclamation of large 
castings at the foundry. 
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Welding Cast Iron 

Gray iron castings can be welded satisfactorily with the oxy-acety- 
lene torch and cast-iron welding rods. In order to produce welds which 
are machinable, it is necessary to use filling rods with a relatively high 
silicon or nickel content. Fluxes consisting of alkali carbonates assist 
in the removal of slag from the welds. It is often desirable to preheat 
the castings before welding and to cool the castings slowly after welding. 
This procedure prevents the development of cracks caused by the 
unequal expansion and contraction of the metal in different sections of 
the castings. 

The most satisfactory method for reclaiming malleable iron castings 
is to use a bronze welding rod which is melted with the gas torch at 
relatively low temperatures, rather than to weld this material at high 
temperatures with cast-iron or steel welding rods. The reason for this 
practice is that the valuable properties of malleable cast iron are not 
regained after the metal has been heated to high temperatures. 

Welding Cast Steel 

Steel castings can be welded by any one of the methods which have 
been described. Electric arc welding equipment is often used in foun¬ 
dries for correcting minor defects on the surfaces of steel castings. 
For very large sections of metal, the “thermit ” process will undoubtedly 
be most economical. It should be understood that the high temper¬ 
atures required for welding will destroy the results of previous heat treat¬ 
ments to which the castings have been subjected. 

Welding Non-Ferrous Alloys 

Brass and bronze castings can be welded by using the oxy-aoetylene 
torch and welding rods of approximately the same composition as the 
castings. A flux aids in producing sound welds. Aluminum castings 
which are to be welded are first preheated slowly and uniformly in a 
suitable furnace. Then the parent metal at the location of the weld is 
heated to a melting temperature with a gas torch. A filling rod composed 
of 95 per cent aluminum and 5 per cent silicon is well adapted for 
supplying additional metal at the weld. The oxides are removed from 
the weld metal with a suitable flux and by means of a scraper. 

GENERAL REQUIREMENTS 

The amount of attention required in the cleaning and reclaiming of 
metal castings is determined largely by the subsequent uses of the 
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foundry product. Castings which are to be enameled or electroplated 
must be free from surface defects in order that satisfactory coatings 
may be obtained. A good appearance is essential to the sale of castings 
for hardware, plumbing goods, and household appliances, as well as for 
ornamental purposes. To improve the appearance of castings, minor 
defects on the surfaces are often corrected by welding. 

A number of methods have been described for cleaning and welding 
metal castings. It is necessary to select that combination of methods 
which will produce the most satisfactory results for any group of castings. 
The costs of cleaning and finishing castings are necessarily dependent 
upon other divisions of the foundry practice. The care taken in melting, 
core making, and molding will influence to a large extent the expense 
required in the cleaning department. 
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REVIEW QUESTIONS 

I 

What operations are necessary in the cleaning of metal castings? 

II 

Describe three types of grinders used in the cleaning departments of foundries 

III 

Classify the equipment used in sandblasting. 

IV 

What methods are used in cleaning steel castings? 
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V 

What equipment and materials are required for welding iron castings? 

VI 

Why is it difficult to cut cast iron with the gas cutting torch? 

VII 

Describe the two methods used in electric arc welding. 

VIII 

Explain the heat-forming reaction utilized in the “thermit ’ 1 process. 

IX 

What precautions should be taken in the foundry to decrease the amount of 
cleaning required for iron castings? 

X 

What methods are used in welding steel castings? 

XI 

Discuss the procedure for welding aluminum castings. 

XII 

What precautions must be observed when welding iron castings? 

XIII 

What procedure is used in welding with metal from the melting furnace? 

XIV 

What are the applications of “ thermit ” welding? 

XV 

Describe the procedure for welding with metal from the melting furnace. 



CHAPTER VII 


THE CONSTITUTION OF CAST IRON 

MICRO-CONSTITUENTS OF CAST IRON— Ferrite—Graphite—Cementite— 
Pearlite—Austenite—Steadite—Grain Sire— CHEMICAL COMPOSITION OF 
CAST IRON —Carbon—Silicon—Manganese—Sulphur—Phosphorus—Nickel— 
Chromium—Molybdenum— SOLIDIFICATION AND COOLING OF CAST IRON 
—TYPES OF CAST IRON— White Cast Iron—Malleable Cast Iron—Gray Cast 
Iron— HEAT TREATMENT OF CAST IRON 

The alloys known as cast iron contain, in addition to iron, carbon, 
and silicon, appreciable percentages of manganese, sulphur, and phos¬ 
phorus, which are intentionally added to improve the qualities of the 
resulting metal or are unavoidably present as a result of the manufac¬ 
turing processes. Nickel, chromium, and molybdenum may also be 
present in cast iron as special alloying elements. With the possible 
exception of carbon, the chemical elements are not present in the pure 
state in cast iron, but are contained in combinations in the physical 
constituents of the metal. 

MICRO-CONSTITUENTS OF CAST IRON 

The properties of cast iron are dependent directly upon the propor¬ 
tion and condition of its structural constituents. The amounts of these 
constituents can be computed approximately from the chemical analysis 
and their size and distribution can be established by microscopic exam¬ 
ination. 

The procedure used in the metallographic examination of cast iron 
is first to grind and polish small specimens of the metal and then to 
observe the structures under a microscope. To develop the features of 
the constituents in the matrix of cast iron, the surfaces are etched with 
dilute acids or other corrosive solutions which attack in varying degree 
the different constituents in the metal. This method of inspection dis¬ 
closes the size of the grains and the shape of the graphite particles, as 
well as flaws in the cast iron. The characteristics of the micro¬ 
constituents ordinarily found in cast iron will now be discussed. 
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Ferrite 

Ferrite is composed largely of iron with small proportions of iron 
silicide (FeSi) and iron phosphide (FeaP) in solution with the iron in 
the solid state. This constituent is soft and ductile, strongly magnetic, 
and has a tensile strength of 40,000 to 50,000 lb. per sq. in. and an 
elongation between 40 and 50 per cent. It has a Brinell hardness of 



Fig. 90. —Gray Cast Iron ( A.S.T.M . Class 20B), Unetched, X100 

Black areas are graphite. 


about 80. Under the microscope, ferrite appears as light-colored grains 
having irregular shapes. (See Fig. 112 in Chapter XI.) 

Graphite 

Graphite is relatively pure carbon occurring in the form of flakes or 
small particles in gray cast iron. This constituent is soft and improves 
the machinability of cast iron. The proportion of graphite in cast iron 
is dependent upon the chemical composition, as well as upon the rate of 
cooling of the metal. The mechanical properties of gray cast iron are 
influenced largely by the amount, size, and distribution of the graphite 
particles. The larger and more continuous the graphite flakes, the lower 
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will be the tensile strength. When subjected to loads in tension, the 
graphite constituent is equivalent to voids in gray cast iron. If a small 
amount of graphite* is evenly distributed in small particles, the con¬ 
tinuity of the matrix is interrupted less and the tensile strength is higher 
than in an iron containing a large proportion of graphite in large flakes. 
Compare the structure and properties of the cast iron shown in Fig. 90 



Fig. 91. —Gray Cast Iron ( A.S.T.M. Class 50B), Unetched, X100 

Black lines are graphite. 


with that shown in Fig. 91. The micro-constituents in these specimens 
of gray cast iron as developed by etching are shown in Figs. 92 and 93. 

Cementite 

Cementite is a chemical compound of iron and carbon, having the 
formula FeaC, and containing 93.33 per cent iron and 6.67 per cent car¬ 
bon by weight. Other elements such as manganese and chromium also 
combine with carbon to form cementite. This constituent is extremely 
hard and brittle. Cementite appears as uniform, light-colored grains 
at high magnification as shown in Fig. Ill in Chapter XI. The Brinell 
hardness of cementite is about 550. 
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Pearlite 

Pearlite is a mixture of ferrite and cementite in alternate layers as is 
plainly indicated in Fig. 94. The larger portion of the matrix of many 
commercial irons is composed of pearlite. Normal pearlite has a tensile 
strength of approximately 125,000 lb. per sq. in. and an elongation of 
about 10 per cent. It has a Brinell hardness of about 200. 



Fig. 92.—Gray Cast Iron ( A . S . T . M . Class 20B), Etched with 
3 Per Cent Nital, X100 

Black areas are graphite. White areas are ferrite. Gray areas are pearlite and steadite. 

Austenite 

Austenite is a solid solution of iron and cementite with a variable 
carbon content between 0 and 1.7 per cent by weight. The amount of 
carbon in saturated austenite depends upon the proportions of other 
elements in the alloy. In cast iron containing 2 per cent silicon, sat¬ 
urated austenite has a carbon content of about 1.5 per cent. This con¬ 
stituent is present in plain cast iron at temperatures above 1382 degrees 
F. Alloy cast irons containing more than 20 per cent nickel retain 
austenite at ordinary temperatures. Austenite can be detected because 
it is non-magnetic. 
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Steadite 

Steadite is a mixture of iron phosphide (FesP) and iron. This con¬ 
stituent contains about 10 per cent phosphorus and 90 per cent iron. 
It solidifies at a temperature about 1800 degrees F. and, as it is the last 
constituent to solidify, is often found at the grain boundaries of the 
other constituents in cast iron. (See Fig. 95.) Steadite is hard and 



Fig. 93.—Gray Cast Iron ( A.S.T.M . Class 50B), Etched with 
3 Per Cent Nital, XI00 

Black lines are graphite. Gray areas are largely pearlite. 

brittle and, if it is present in sufficient quantity, will confer these prop¬ 
erties to the metal. 

Grain Size 

The size of the crystalline grains in cast iron is determined largely 
by the rate of cooling of the metal in the molds. Thin sections of cast¬ 
ings cool rapidly and have small grains. The grain size of large castings 
usually increases towards the center of the heavier sections; this ten¬ 
dency is counteracted to some extent by the addition of alloys to the 
cast iron. Large graphite flakes and a coarse grain structure are pro¬ 
duced by a high silicon content. When a dense, close-grained iron is 
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required in castings which are subjected to high fluid pressures, as well 
as for castings which must have smooth surfaces after machining, a 
relatively low silicon content is specified. 

CHEMICAL COMPOSITION OF CAST IRON 

The physical constitution of cast iron is dependent to a large extent 
upon the chemical composition of the metal. Commercial cast iron 



Courtesy of R . Schneidewind 


Fig. 94.—Gray Cast Iron, Etched with 3 Per Cent Nital, X1000 

Laminated area is pearlite. Black area is part of a graphite flake. Gray hexagonal inclusion 
is manganese sulphide. 

always contains iron, carbon, silicon, manganese, sulphur, and phos¬ 
phorus. Furthermore, alloy cast iron may be prepared with one or 
more special elements such as nickel, chromium, and molybdenum. 
The influence of the chemical elements on the structural constituents, 
and consequently on the physical properties of cast iron, will now be 
considered. 

Carbon 

Pure iron will dissolve about 5 per cent of carbon at a temperature 
slightly above its melting point. However, the solubility of carbon in 
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cast iron is influenced by the presence of other elements in the metal. 
Silicon in particular decreases the amount of carbon which can be held 
in solution at any definite temperature. The total carbon in cast iron 
which has been melted in a cupola furnace is usually between 3 and 4 
per cent of the weight of the metal. 

When cast iron is in the molten state, most of the carbon is in solu¬ 
tion as iron carbide (Fe 3 C). On solidification, this compound separates, 
the presence of free carbon (graphite) being due to the decomposition 



Fig. 95—Gray Cast Iron, Etched with 3 Per Cent Nital, X1000 

Dark areas are pearlite. Light spotted areas are steadite. 


of the cementite according to the reaction: FeaC —► 3Fe + C. The 
extent of the dissociation of the cementite is controlled by the composi¬ 
tion and the rate of cooling of the metal. Silicon has a pronounced 
influence in causing the formation of graphite, whereas sulphur tends 
to retain carbon in the combined state. Slow cooling of the metal favors 
the development of graphite; rapid cooling allows the carbon to remain 
combined with the iron in the form of cementite. The balance between 
the proportions of free carbon and combined carbon determines to a 
large extent the properties of cast iron. 
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Silicon 

The silicon content of pig iron is derived from the reduction of sili¬ 
cates in the ore and fuel used in the blast furnace. High-silicon pig 
iron is produced by operating the blast furnace at high temperatures 
with a large fuel ratio. The amount of silicon in iron castings ranges 
from 0.50 to 3.00 per cent, depending upon the physical requirements 
of each application. The proportion of silicon in cast iron can not be 
determined directly by microscopic observations because this element 
is combined with iron and is dissolved in the ferrite. 

The important influence of silicon on the properties of cast iron is to 
cause the formation of graphite from the dissociation of cementite. 
Different types of cast iron, from extremely hard white iron to soft 
gray iron, can be obtained by controlling the silicon content. The ten¬ 
sile strength of gray cast iron decreases as the amount of graphite and 
the size of the graphite particles increase. The change in the condition 
of the carbon from the combined to the free state is accompanied with 
an increase in volume. Therefore, as the silicon content of cast iron 
increases, the net contraction of the metal decreases. 

Manganese 

The pig iron, scrap metals, and ferro-alloys introduce manganese to 
the mixtures for iron castings. The manganese content usually ranges 
from 0.50 to 1.00 per cent in the castings. Manganese may be present 
in two forms in the structure of cast iron, either as the sulphide, MnS, 
or as the carbide, (FeMn^C. The former constituent can be seen 
under the microscope as small angular crystals (see Fig. 94 ); the latter 
is present as cementite. Manganese sulphide has a low specific gravity 
(about 4.00) in comparison with that of gray cast iron (about 7.00); 
consequently it will tend to rise in the metal. The effect of increasing 
the proportions of manganese above the amount which combines with 
the sulphur is to raise the tensile strength and hardness of cast iron. 
Manganese also acts as a cleanser in the molten metal by forming oxides 
and sulphides, which separate to some extent into the slag. 

Sulphur 

The sulphur in cast iron is derived largely from the fuel used in the 
blast furnace and in the cupola. Charcoal pig iron is low in sulphur 
because of the purity of the fuel used during its production. The effect 
of sulphur on the properties of cast iron is dependent upon the propor¬ 
tions of the other elements which are present in the metal. In combina- 
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tion with a low silicon content, sulphur has a decided hardening effect. 
Hatfield states that the presence o f iron sulphide increases the s tjLility 
of ceme ntite (Fe 3 C) and in this way produces a hard structure. 1 When 
manganese is present in sufficient quantity, it combines with the sulphur 
to form manganese sulphide (MnS), which occurs as a separate con¬ 
stituent in the metal. (See Fig. 94.) As a rule, the sulphur content 
of iron castings does not exceed 0.12 per cent. The metal for castings 
which have chilled surfaces often contains as much as 0.15 per cent 
sulphur. 

Phosphorus 

The original sources of phosphorus in iron castings are the compounds 
of phosphorus in the ore and fuel used in the blast furnace. Pig iron is 
produced with a wide range of phosphorus content; consequently it is 
necessary to select the iron which will give the desired limits of phos¬ 
phorus in the metal mixtures for each type of castings. 

In cast iron containing a small percentage of phosphorus, this element 
is combined with iron as iron phosphide (Fe 3 P), which is dissolved in 
the ferrite. When the phosphorus content exceeds the amount which 
is soluble in the ferrite, it occurs as a separate constituent known as 
steadite. This is a eutectic mixture of iron phosphide and iron, which 
can be observed under the microscope in more or less continuous patches, 
depending upon the amount present. (See Fig. 95.) The low tempera¬ 
ture at which this constituent solidifies (about 1800 degrees F.) accounts 
for the greater flowability of cast iron having a high phosphorus con¬ 
tent. Ornamental castings of intricate designs are often made from an 
iron containing about 1.00 per cent phosphorus. The strength of cast 
iron is slightly improved by an increase of phosphorus up to 0.30 per 
cent. When the phosphorus content is sufficiently high and the cooling 
conditions are such that steadite forms in large areas, the tensile strength 
of the iron is decreased. 

Phosphorus has no influence on the condition of the carbon in cast 
iron, and therefore does not affect the hardness caused by iron carbide. 
However, steadite is a hard constituent, the presence of which causes 
a decided wear on cutting tools. The phosphorus content of cast iron 
for high-speed machining operations is limited to a maximum of 0.30 
per cent. 

Nickel 

Large differences in the thickness of iron castings usually cause a 
variation in the structure of the metal in the light and heavy portions. 
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When a low-silicon alloy is used, the thin sections become chilled, and 
the thick sections are gray. If the silicon content of the iron is increased 
sufficiently to overcome the chilling of the thin sections, the heavier 
portions will have a coarse, open structure. The addition of nickel to 
cast iron aids in producing a uniform structure throughout castings 
having sections of unequal thickness. Nickel has a graphitizing action, 
and consequently reduces the tendency of thin sections of iron castings 
to chill. At the same time, the presence of this element tends to harden 
the matrix of cast iron and thereby produces a dense structure in the 
heavy sections of castings. 

The commercial alloy used in supplying nickel to cast iron contains 
an average of 92 per cent nickel, 6 per cent silicon, and 2 per cent iron. 
This material is added in the form of shot to the stream of iron as it 
leaves the melting furnace. The melting range of the nickel shot is 
2275 to 2350 degrees F., and it is readily dissolved in the molten iron. 
The proportion of nickel which is supplied to improve the strength and 
uniformity of the metal in iron castings is ordinarily from 0.5 to 2.0 per 
cent. When the nickel content exceeds 2 per cent, the irons gradually 
become harder, and those alloys containing 4 to 6 per cent nickel are 
used in castings to resist abrasive wear. The austenitic irons with 12 
per cent or more nickel in combination with other alloying elements 
have greater resistance to heat and corrosion than plain irons. When 
large proportions of nickel are required in cast iron, the low-melting 
nickel alloy is available in the form of 5-pound pigs for charging in the 
cupola or air furnace. 

Chromium 

The pronounced effect of chromium in cast iron is to retard the dis¬ 
sociation of combined carbon. Therefore, the hardness of cast iron is 
increased by chromium, and castings which are subjected to severe 
wearing conditions often contain this element. Chromium is also a 
valuable addition to metal mixtures for heat-resisting castings. As a 
rule, the chromium content of alloy cast iron which is to be machined 
is within the range of 0.20 to 0.60 per cent. 

Chromium is supplied to cast iron either by ladle additions of ferro- 
chromium or in the furnace charges by means of chrome-bearing pig 
and briquets containing ferrochromium. “Mayari” pig iron, which 
has an average analysis of 2.40 per cent chromium and 1.20 per cent 
nickel, is often used to introduce chromium and nickel in furnace 
charges. The alloy of chromium which is generally used for ladle addi- 
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tions contains 60 to 75 per cent chromium, 4 to 6 per cent carbon, 2 to 3 
per cent silicon, and the remainder iron. 

Molybdenum 

When molybdenum is alloyed with cast iron, it not only forms a 
solid solution with the ferrite but also enters into combination with the 
carbides. The influence of molybdenum is to prevent the agglomeration 
of free carbon, and thereby to cause the formation of finely divided 
graphite. It also tends to strengthen the constituents in the matrix. 
The molybdenum content of alloy cast iron is usually from 0.25 to 1.50 
per cent. This alloying element is supplied to the iron by ladle addi¬ 
tions of ferromolybdenum which contains 55 to 65 per cent molybdenum. 

SOLIDIFICATION AND COOLING OF CAST IRON 

The presence of the different structures found in iron castings can be 
explained on the basis of the changes which take place in the constitution 
of cast iron when it solidifies and cools to ordinary temperatures. The 
diagram in Fig. 96 shows the temperatures at which transformations 
occur in the constitution of cast iron containing 2 per cent silicon and 
2 to 4 per cent carbon. 4 Above the line A-B-C the alloys are entirely 
in the liquid state, and below the line D-B-F they are solid. The alloy 
corresponding to point B is the composition of lowest melting point; it 
is known as the eutectic alloy and is composed of a mixture of 56.5 per 
cent of saturated austenite (containing 1.5 per cent carbon) and 43.5 
per cent of cementite. The constituents which are present within the 
different temperature areas are indicated on the diagram. 

Attention will be directed to the transformations which occur in a 
cast iron of definite composition as the metal solidifies and cools to 
atmospheric temperature. It is assumed that an alloy containing 2 per 
cent silicon and 3.40 per cent carbon is poured at 2800 degrees F. into 
a mold. The decrease in the temperature of this metal is indicated at 
the points J> K , L, and M on the diagram in Fig. 96. The metal 
within the mold remains liquid until the temperature corresponding to 
point K is reached. At this temperature austenite begins to separate 
from the liquid metal, and austenite continues to solidify down to the 
temperature indicated by point L. During the drop in temperature 
from K to L, the carbon content of the remaining liquid increases until, 
at the temperature of 2020 degrees F., the last portion of liquid metal 
to solidify is the eutectic mixture, which has a carbon content of 3.75 
per cent anck contains austenite with cementite. 
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As the metal in the mold continues to cool below 2020 degrees F., 
cementite (containing 6.67 per cent carbon) gradually separates from the 
saturated austenite (containing 1.5 per cent carbon) until the tempera¬ 
ture corresponding to point M is reached. This causes a continuous 
decrease in the carbon content of the austenite until, just below 1382 
degrees F., all remaining austenite, which now contains 0.55 per cent 
carbon, is changed into pearlite. 



Fia. 96. —Constitutional Diagram for Cast Iron Containing 
2 Per Cent Silicon 

Within the range of temperature from L to M } the cementite in the 
eutectic mixture, as well as the cementite which separates from the 
austenite, may be dissociated partially or entirely to produce graphite. 
The extent to which cementite is separated into its elements is dependent 
upon the composition of the alloy, as explained previously, and the rate 
at which the alloy was cooled. With very rapid cooling, no graphite is 
liberated, and the final constituents are cementite and pearlite, which 
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occur in white cast iron. On the other hand, if the cooling is very 
slow, only graphite and ferrite will be present below 1382 degrees F. In 
most cases, an intermediate rate of cooling is obtained, which results in 
large proportions of pearlite in the cast iron. It has been explained that 
free carbon is produced from solid cementite at relatively high tem¬ 
peratures. The lack of mobility of the metal when graphite is formed 
accounts for the distribution of this light constituent throughout gray 
cast iron. 


TYPES OF CAST IRON 

In the previous discussion on the constitution of cast iron, the effects 
of the chemical elements and the rate of cooling on the development of 
the micro-constituents were explained. Several different types of cast 
iron can be produced by the control of the chemical composition and the 
thermal treatment of these alloys. 

White Cast Iron 

Cast iron in which practically all the carbon is in the combined 
state is known as white cast iron because of the white, metallic appear¬ 
ance of its fractured surfaces. The principal constituents of white cast 
iron are pearlite and cementite as illustrated in Fig. Ill in Chapter XI. 
This structure is readily produced by the rapid cooling of cast iron 
having a low silicon content (usually less than 1 per cent). A low total 
carbon aids in retaining all carbon in the combined state. White cast 
iron is very hard and brittle, and is suited only to those uses for which 
a hard, unmachinable metal is satisfactory. 

Malleable Cast Iron 

When white cast iron of special composition is heat treated so as 
to obtain only ferrite and graphite (see Fig. 112 in Chapter XI), the 
product is known as malleable cast iron. The manufacture, constitu¬ 
tion, and properties of malleable cast iron are discussed in Chapter XI. 

Gray Cast Iron 

Cast iron containing a considerable proportion of graphite is known 
as gray cast iron because of the color of its fractured surfaces. This 
product is composed of a steel-like matrix, the continuity of which is 
interrupted by numerous particles of graphite. The amount, size, and 
shape of the graphite particles vary greatly in different specimens. The 
percentage of graphite in gray cast iron is dependent upon the chemical 
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composition, as well as upon the rate of cooling of the metal. A high 
silicon content and slow cooling promote the formation of graphite. In 
some specimens the graphite is in long, thin strips, and in others as short 
irregular particles. (Compare the micrographs in Fig. 90 and Fig. 91.) 
The strength of cast iron is affected to a large extent by the amount 
and condition of the graphite constituent. 

The matrix of gray cast iron is composed of varying proportions of 
ferrite, pearlite, and steadite. The amounts of these constituents are 



Fig. 97.— Structural Composition Diagram for Cast Iron 


dependent upon the chemical composition and the rate of cooling of the 
alloys. With a high silicon content and very slow cooling, gray cast 
iron is obtained having a structure of only ferrite and graphite; a con¬ 
dition which is usually undesirable, except when a soft, easily machined 
iron is needed, because a large proportion of coarse graphite causes the 
metal to have low strength. The lower the silicon content and the 
more rapid the cooling, the more carbon will be retained in the com¬ 
bined state. When the percentage of combined carbon in any speci¬ 
men of cast iron containing 3.5 per cent total carbon is known, the pro- 
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portions of the constituents in the matrix can be found on the structural 
composition diagram in Fig. 97. In most gray iron castings, the com¬ 
bined carbon is less than 0.55 per cent, and the matrix is composed of 
ferrite and pearlite. When the combined carbon exceeds 0.80 per cent, 
the castings become too hard to be machined economically. 

Iron castings are sometimes required to be very hard on certain sur¬ 
faces and machinable on all other parts. This combination of properties 
in one casting can be obtained by adjusting the composition of the 
metal, as well as the rates of cooling, in different parts of the casting. 
The lower the silicon or total carbon content, the greater the tendency 
to form white cast iron and the greater the thickness of the white or 
chilled portion. Iron plates known as chills are placed in the molds at 
locations where the surfaces of the casting are to remain hard. The 
rapid solidification and cooling of the casting in contact with the chills 
cause the formation of white cast iron, whereas the slower cooling of the 
remainder of the casting results in the development of a gray iron 
structure. Metal chills are used in the molding of chilled-iron car wheels 
as illustrated in Fig. 21 in Chapter III. The silicon content of the cast 
iron used in car wheels is about 0.55 per cent and the total carbon is 
about 3.50 per cent. 

HEAT TREATMENT OF CAST IRON 

Iron castings may be heat treated for any one of three purposes: 
(1) to relieve internal stresses in the metal resulting from uneven cooling 
of different sections of the castings; (2) to decrease the hardness and 
improve the machinability; and (3) to increase the hardness. Methods 
for the heat treatment of iron castings to obtain these results are given 
in the following paragraphs. 

The dimensions of the finished surfaces on some iron castings such 
as straightedges, surface plates, and planer beds must remain perma¬ 
nently accurate, and to meet this requirement, all stresses in the castings 
caused by uneven cooling in the molds or by severe machining operations 
must be removed. If the rough castings are exposed to atmospheric 
temperatures for very long periods, the stresses in the castings will 
gradually be relieved; this method is known as air seasoning or aging. 
It is possible, however, to overcome the cause of warping in a shorter 
time by heating the castings throughout to 950 degrees F. and cooling 
slowly in the furnace. 6 In the manufacture of machine parts which 
must have accurate dimensions, the usual procedure is to rough machine 
first, then heat treat, and finally perform the finishing operations. 
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The hardness of gray cast iron is dependent upon the proportions of 
the micro-constituents in the matrix. As the combined carbon increases, 
more of the hard constituents are present. This is shown on the struc¬ 
tural composition diagram in Fig. 97. The hardness of iron castings 
can be lowered and the machinability improved by decreasing the pro¬ 
portion of combined carbon in the metal. This can be accomplished 
by heating the castings uniformly throughout to a temperature of 1550 
degrees F. and cooling slowly. The hard constituents in the matrix are 
partially converted into ferrite and graphite by this treatment. 

An increase in hardness can be obtained in cast iron having a pearlitic 
structure by quenching the castings in water or oil after heating to tem¬ 
peratures above the critical range of the metal. A temperature of 1550 
degrees F. is usually satisfactory for most iron alloys. This treatment 
can be used only for castings of plain designs because those with com¬ 
plicated and non-uniform sections will crack during the quench. 
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REVIEW QUESTIONS 
I 

What are the characteristic properties of each of five micro-constituents found 
in cast iron at ordinary temperatures? 

II 

Explain the factors which control the condition of the total carbon in cast iron* 

III 

In what form is silicon present in gray cast iron, and how does this element 
influence the properties of the metal? 
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IV 

What are the effects of manganese on the properties of cast iron? 

V 

In what conditions does phosphorus occur in gray iron ornamental castings? 

VI 

What advantages are obtained in using special alloying elements in cast iron? 


VII 

What changes take place in the constitution of cast iron containing 2 per cent 
silicon and 3.80 per cent carbon as it solidifies and cools to ordinary tem¬ 
peratures? 

VIII 

Account for the presence of large graphite flakes in cast iron. 

IX 

What conditions are most favorable to the formation of white cast iron? 


X 

Explain three purposes for heat treating cast iron, and outline the methods 
used in improving the properties of the metal. 


XI 

Discuss the factors which influence the condition and the amount of graphite 
in gray cast iron. 

XII 

What is the effect of chromium on the properties of cast iron? 

XIII 

In what form does sulphur occur in special chilled iron castings? 


XIV 

Explain the beneficial effect of nickel in iron castings with light and heavy 
sections. 

XV 

What influence does molybdenum have on the structure of gray cast iron? 



CHAPTER VIII 


THE PROPERTIES OF CAST IRON 

TENSILE STRENGTH—COMPRESSIVE STRENGTH—TRANSVERSE 
STRENGTH—HARDNESS—RESISTANCE TO WEAR— GROWTH- 
SHRINKAGE— FLOWABILITY—DAMPING CAPACITY 

Cast iron is used more extensively than any other cast metal because 
of the ease with which it can be cast into intricate shapes and thin sec¬ 
tions, its wide range of mechanical properties, its favorable machining 
quality, and its low cost. Some of the well-established fields of applica¬ 
tion of iron castings include automobile engine parts, stoves and fur¬ 
naces, radiators, freight car wheels, pipe, machine-tool base's, and sani¬ 
tary ware. It was explained in Chapter VII that gray cast iron is not 
a single alloy, but is produced in many different compositions to obtain 
the desired physical and chemical characteristics. 

The standardization of methods for determining the quality of the 
metal in gray iron castings has been the subject of much discussion by 
manufacturers and users of castings, and by scientific investigators. In 
all methods for testing cast iron, the source of the sample, as w f ell as the 
type of test to be used, should be specified. Some authorities favor the 
use of specimens cut directly from the castings; others require that test 
specimens be attached to the castings; and still others prefer to use 
separately cast test specimens. Tensile tests, transverse tests, and 
shear tests have been proposed for the investigation of this material. 

An attempt is being made to establish international standards for 
the testing of cast iron. A summary of the conclusions reached by the 
International Association for Testing Materials at the Zurich Congress 
in 1931 is quoted from the president’s report. 1 “The use of a separately 
cast test bar to be tested in tension and bending is regarded as satisfac¬ 
tory and sufficient for the majority of industrial purposes, but that for 
the exploration of the properties of various parts of castings, and for the 
study of variations from one casting to another of the same type, and 
also for the investigation of castings which have failed in service, the 
small test piece, cut from the casting itself, should be adopted.” 

The specifications of the American Society for Testing Materials for 
gray iron castings (Designation A48-36) provide for seven grades of 
; 152 
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cast iron known as classes No. 20, 25, 30, 35, 40, 50, 60; these numbers 
correspond to minimum tensile strengths; thus, class No. 20 refers to an 
iron which has a minimum tensile strength of 20,000 lb. per sq. in. 
Three sizes of separately cast test bars are recommended, each of which 



THICKNESS OF METAL AS CAST -INCHES 

Fig. 98.—Effect of Size of Sections on Properties of Cast Iron 

corresponds to the controlling dimensions of the castings which it repre¬ 
sents. The complete specifications are given in the Appendix. 

TENSILE STRENGTH 

The quality of cast iron can be established most satisfactorily by 
tensile tests. In thfe standard specifications for gray iron castings 
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COUPLING 


( A.S.T.M . Designation A48-36), seven classes of cast iron are listed 
on the basis of the tensile strength of the material. The strength of 
cast iron is influenced by the chemical composition of the metal, as has 

been explained previously. Furthermore, 
the rate of cooling of iron castings in the 
molds affects to a large extent the physical 
properties of the metal; this applies not only 
to separate castings, but also to different 
sections in the same casting. The larger 
the section poured with an iron of given 
composition, the lower will be the tensile 
strength of the metal. Because of the in¬ 
fluence of the rate of cooling on the properties 
of cast iron, the standard specifications pro¬ 
vide three sizes of test specimens correspond¬ 
ing to the controlling sections of the cast¬ 
ings. The relation of the tensile strength to 
the thickness of cast iron in the different 
classes is shown in Fig. 98. Each class has 
a range of properties depending on the 
thickness of the metal as cast. Iron which 
has a tensile strength of 20,000 to 25,000 lb. 
per sq. in. in a section 2 inches in diameter 
is classified as 20-C iron. When this iron 
is cast in sections 1 inch in diameter, a tensile 
strength within the range of 28,000 to 34,000 
lb. per sq. in. will be obtained. Also, when 
the same iron is cast in sections 3^ inches in 
diameter, a tensile strength within the range 
of 17,000 to 22,000 lb. per sq. in. will be 
obtained. 

The tensile strength, which is the maxi¬ 
mum load in pounds divided by the original 
area of the test specimen in square inches, 
is of primary importance to the designer of 
gray iron castings. During the testing of 
cast iron, the ratio of load (stress) to de¬ 
formation (strain) is not constant and no 
definite elastic limit is indicated. On ac¬ 
count of the discontinuity of the structure of cast iron, caused by the 
graphite particles, tensile test specimens of gray cast iron do not stretch 
out or change in area appreciably during this test. 



Fig. 99. —Holders for 
Tensile Test Specimens 
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When tensile tests of cast iron are made, it is very important that 
the loads on the specimens be applied only in tension, as any forces in 
transverse directions will lower the results of the tests. This require¬ 
ment is met by using self-aligning specimen holders; one type of holder 
for tensile test specimens is shown in Fig. 99. 3 The time required for 
the machining of specimens from the cast bars can be decreased by 
turning plain shoulders on the specimens rather than by using threaded 
ends. 

COMPRESSIVE STRENGTH 

The strength of cast iron in compression is about three and one-half 
times its strength in tension. This property, together with ease of 
machining and low cost of production, 
is the outstanding characteristic of 
cast iron. Because of the high com¬ 
pressive strength of cast iron, frames 
and bases of machine tools and equip¬ 
ment of many kinds are commonly 
made of this metal. The dimensions 
of test specimens for determining the 
crushing strength of cast iron are 
shown in Fig. 100. The specimens 
are tested between hardened steel 
surfaces in a manner which insures 
axial loading. 

TRANSVERSE STRENGTH 

The transverse test is most com¬ 
monly used for testing cast iron. 

As a rule, the test bars are not ma¬ 
chined; hence little expense is neces¬ 
sary in making transverse tests. Furthermore, the maximum deflection 
of the specimen is obtained in the transverse test, which is an indication 
of the toughness of the cast iron. 

The specifications for gray iron castings ( A.S.T.M . Designation 
A48-36) lists three sizes of transverse test bars as follows: 


Diameter 

Length of 

Distance Be¬ 

Controlling Section 

of Test Bar, 

Test Bar, 

tween Supports, 

of Castings, 

Inches 

Inches 

Inches 

Inches 

0.875 

15 

12 

0.50 max. 

1.20 

21 

18 

0.51 to 1.00 

2.00 

27 

24 

1.01 to 2.00 


HEAD OF TESTING MACHINE 



table Of testing machine 

Fig. 100.—Compression Specimen 
and Bearing Blocks 
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These bars are cast as nearly as possible to the dimensions specified. A 
table of correction factors is included in the specifications to correct the 
value for transverse strength when the diameter of the test bar varies 
from the standard. The minimum transverse breaking loads for three 
sizes of transverse test bars and seven classes of gray iron are included 
in the specifications given in the Appendix. 

HARDNESS 

The hardness of cast iron is ordinarily determined by its resistance 
to indentation. This property is somewhat related to wear resistance 
and to the machinability of the metal. The methods used for measuring 
hardness are described in Chapter XV. 

The degree of hardness of any specimen of cast iron is dependent 
upon the condition of its total carbon content. Rapid cooling and low 
silicon favor the retention of carbon in the combined state and thereby 
cause an increase in the hardness of cast iron. On the other hand, slow 

cooling and high silicon promote 
j J j I the formation of free carbon and 

4 _ III! ferrite which are found in a rela- 

— 2 "-4- 2*-*\*- 2 VI lively soft iron. Sulphur, man¬ 

ganese, and chromium, if present 
in sufficient proportions, increase 
the hardness of cast iron by retain¬ 
ing carbon in the combined state. 

Fig. 101 .— Step-Bar Casting Nickel in amounts from 2 to 5 per 

cent tends to harden cast iron. 
A high phosphorus content (over 0.30 per cent) causes the formation of 
an additional constituent, steadite, which is hard and brittle* 

The surface of a gray iron casting is usually harder than the interior 
because of the more rapid cooling of the metal in contact with the mate¬ 
rial of which the mold is made. The variation in hardness from the 
surface to the interior of a casting is more pronounced in a cast iron with 
high silicon and high total carbon than in a stronger gray iron with low 
silicon and low total carbon. The hardness and chilling effect of cast 
iron in different sections are often determined on a step-bar casting such 
as is shown in Fig. 101. Ap examination of the fractured sections will 
indicate the extent of the formation of white cast iron. 

RESISTANCE TO WEAR 

For many uses of iron castings, resistance to wear is an important 
requirement. Cast iron for resisting wear mpy be either of two types: 
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(1) white iron or (2) gray iron. For service conditions requiring great 
hardness and resistance to abrasive wear, white iron is more durable 
than gray iron. Examples of such applications are wire-drawing dies, 
chilled-iron rolls, dies for shaping sheet metals, car wheels, and plow* 
points. 

Gray cast iron is satisfactory for resisting wear when the contact 
pressures arc low and abrasion is not excessive. The self-lubricating 
effect of the graphite particles distributed throughout the metal prevents 
galling or seizing of a mating part. This characteristic is of particular 
advantage in brake drums. The most favorable wearing condition of a 
machinable iron is obtained by having the graphite uniformly distributed 
in small particles within a matrix of pearlite. 

GROWTH 

When cast iron is subjected to alternate cycles of heating and cooling, 
a permanent expansion of the metal takes place; this change in volume 
is due principally to the graphitizing of the combined carbon in the 
metal. Also, the penetration of oxidizing gases along particles of 
graphite results in the oxidation of some ferrite, which causes a continu¬ 
ous growth as well as a gradual deterioration of the cast iron. At 
temperatures below 800 degrees F. comparatively little trouble is experi¬ 
enced from the growth of cast iron, 5 but as the temperature is increased 
from 800 to 1800 degrees F., the change in volume is greater and more 
rapid. 

All factors which influence the state of the total carbon and the size 
of the graphite flakes will affect the change in the dimensions of iron 
castings which are exposed to high temperatures. The lower the silicon 
content of the metal, the smaller will be the amount of permanent expan¬ 
sion. Gray cast iron having finely divided graphite distributed uni¬ 
formly throughout a structure of pearlite is well suited to heat-resisting 
applications. Chromium is a desirable alloying element for heat-resist¬ 
ing irons because of its influence in retaining carbon in the combined 
form. 

SHRINKAGE 

Shrinkage is the reduction in length or volume of the metal in a 
casting as it solidifies and cools to room temperature. The reduction in 
volume of the total mass of metal results in the formation of cavities 
within the casting if it is not properly designed and cast. To compen¬ 
sate for the difference in size of pattern and casting, a shrinkage allow¬ 
ance is usually made on all dimensions of the pattern. The shrinkage 
rules used in the pattern shop are graduated with a constant increment 
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in length for different contraction allowances. An increase in length of 
| in. per ft. is commonly used for gray iron, and \ in. per ft. for white 
iron castings. These allowances are not always satisfactory because 
the size and shape of the casting, as well as the composition of the metal 
used in the casting, may alter the total contraction. 

When metal is poured into a mold, the portions of the casting which 
are in contact with the mold surfaces solidify first. This outer shell 
conforms to the shape and size of the mold cavity; 6 then the metal 
freezes towards the interior of the casting. During the solidification 
period, the metal contracts and draws away from the liquid metal in the 
heavier sections. This contraction of the metal causes a shrinkage 
cavity or a spongy condition in that portion of the casting which is the 
last to solidify. 

The net amount of shrinkage in any casting is dependent upon the 
pouring temperature of the metal; the higher the casting temperature, 
the greater will be the total contraction. Therefore, a general rule in 
the foundry is to pour the metal at as low a temperature as will allow 
complete filling of the mold. Furthermore, the total contraction is 
dependent on the constitution of the cast metal. When gray cast iron 
solidifies and cools to ordinary temperatures, the separation of graphite 
is accompanied by an increase in volume which offsets to some extent 
the normal contraction of the metal. Any influence which affects the 
condition of the carbon in cast iron will control the shrinkage of the 
metal. Slow cooling and high silicon favor the separation of graphite 
and result in low total contraction. On the other hand, rapid cooling, 
high manganese, and high sulphur tend to increase the total contraction 
by retaining carbon in the combined state. 

The presence of shrinkage cavities in castings can be overcome by 
providing a sufficient supply of liquid metal to the heavier sections of 
the castings during the period of solidification. Feeding heads or risers 
are used for this purpose. When the gate is connected to the bottom 
of a casting as shown in Fig. 13, in Chapter III, the metal is supplied 
only up to the riser, and additional hot metal is then poured into the 
riser; this procedure aids in having the metal in the riser solidify last 
and causes the shrinkage cavity to be located in the riser, which is 
subsequently removed from the casting. 

Test specimens for finding the amount of shrinkage in iron alloys 
may be prepared in many shapes, including spheres, cones, cylinders, 
and intersecting bars. When these specimens are fractured or cut apart, 
the size of the cavity or pourous area caused by the shrinkage of the 
metal can be observed. The total linear contraction of cast iron can 
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be found by measuring the difference in length of a casting and the 
mold in which it was made. The equipment for preparing specimens 
for this determination is shown in Fig. 102. The specimens are cast in 
a sand mold between two metal surfaces. After the casting has cooled 
to room temperature, the clearance between the specimen and the chill 




Fig. 102.—Contraction Test Specimen 


bar is measured; this value represents the total contraction of the cast 
iron for the given length of casting. 

FLOWABILITY 

All casting alloys should remain in the liquid state for a sufficient 
time to permit the complete filling of the molds; this property has been 
commonly described as fluidity; however, fluidity is usually measured 
at a constant temperature, a condition which does not obtain during 
the casting of metals in molds. The ability of a molten metal to flow 
into a mold may be designated as flowability. 

A number of factors affect the flowability of cast iron. The higher 
the temperature of the metal above its freezing range, the longer it will 
remain in a liquid state. Also, the chemical composition of the cast iron 
will influence its flowing quality. An increase in the proportion of 
phosphorus above 0.30 per cent will cause the metal to remain in a liquid 
state longer because of the presence of a low-melting constituent of iron 
and iron phosphide. Metal mixtures for ornamental castings in which 
accurate detail is necessary usually contain about 1 per cent phosphorus. 
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Considerable difficulty is experienced in pouring cast iron when the 
total carbon is less than 2.20 per cent. The presence of dissolved oxides 
in molten cast iron affects seriously the flowing property of the metal. 
This condition can often be traced to a low coke bed in the cupola, which 
results in excessive oxidation of the metal in the charges. The flowing 
quality of cast iron is also dependent upon the condition of the mold 
into which it is poured. A dry-sand mold will permit a greater distribu¬ 
tion of the metal than a green-sand mold. The flow of metal is retarded 

by intricate mold cavities 
and by the pressure of 
gas within restricted por¬ 
tions of molds. 

A method for deter¬ 
mining the flowability of 
metals has been devel¬ 
oped at the U. S. Bureau 
of Standards. 7 The de¬ 
sign of the casting pro¬ 
posed for this test is shown 
in Fig. 103. The speci¬ 
men has a spiral shape, 
and the gate is attached 
at the outer end of the 
spiral. A large vent is 
provided at the inside end 
of the spiral to relieve the 
pressure of the gases 
within the mold cavity. 
Reference marks are cast 
every 2 inches along the 
upper surface of the speci¬ 
men to aid in measuring 
the distance traveled by the metal in the mold. The total length of the 
spiral pattern is 60 inches. For heavy machinery castings, a length of 
20 inches may be adequate; but for thin castings, a spiral over 30 inches 
in length should be obtained. 

DAMPING CAPACITY 

The ability which gray iron . possesses to absorb and dampen vibra¬ 
tions adds greatly to its value as an engineering material. The relative 
damping capacities of , materials can be estimated by the duration of 



SECTION A-A 

Fig. 103. —Flowability Test Specimen 
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sound issuing from the materials when they are struck with a hammer. 
A suspended piece of steel will ring for a long time, whereas a piece of 
gray cast iron will produce only a dull sound. The damping out of 
vibrations is dependent on the internal friction and plasticity of the 
materials. The effective strength of a vibrating part will be much 
greater if a material such as cast iron is used which has a high damping 
capacity, because stresses caused by vibrations will ordinarily not be 
raised to a serious intensity. As the tensile strength of cast iron 
increases, its damping capacity decreases. A low-strength iron is there¬ 
fore more satisfactory than a high-strength iron for machine-tool bases 
and other parts subjected to vibrations. 


BIBLIOGRAPHY 

1. Walter Rosenhain, “The Testing of Castings.” Foundry Trade Journal , 

March 10, 1932, p. 154-156. 

2. J. G. Pearce, “Design of Engineering Castings in Relation to Tests.” 

Foundry Trade Journal , Jan. 24, 1929, p. 67-71. 

3. H. L. Campbell, “Tensile Tests of Cast Iron and Semi-Steel.” Machinery , 

v. XXV (1919), p. 605. 

4. A. L. Boegehold, “Wear Tests and Value of Hardness Testing for Control 

of Product.” Trans . A.F.A., v. XLI (1933), p. 575^586. 

5. J. W. Bolton, “ Growth of Cast Iron.” The Foundry , v LIX (1931), p 92-95. 

6. C. M. Saeger, Jr., and E. J. Ash, “Volume Changes of Cast Irons During 

Casting.” Trans. A.F.A. } v. XL (1932), p. 172-187. 

7. C. M. Saeger, Jr., and A. I. Krynitsky, “A Practical Method for Study¬ 

ing the Running Quality of a Metal Cast in Foundry Molds.” Trans . 
A.F.A., v. XXXIX (1931), p. 513-540. 

8. W. H. Rother and V. Mazurie, “The Strength of Cast Iron in Relation 

to Its Thickness.” Trans. A.F.A. , v. XXXIV (1926), p. 746-765. 

9. Committee Report, “Impact Testing.” Proc. A.S.T.M. y v. 33 (1933), p. 87- 

137. 

10. American Foundrymen } s Association , Chicago, III. “Cast Metals Hand¬ 
book.” 1935. 


REVIEW QUESTIONS 

I 

What two factors control the properties of cast iron? 

II 

How is the quality of cast iron determined? 

III 

What precaution must be observed in testing cast iron in tension? 

IV v 

Describe two methods for measuring the hardness of cast iron. 
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V 

Account for variations in hardness in different parts of the same iron casting. 

VI 

What structure in gray cast iron is most favorable for resisting wear? 

VII 

Explain two causes for the permanent growth of cast iron when it is exposed 
to high temperatures. 

VIII 

What conditions control the total amount of shrinkage in cast iron? 

IX 

Explain the factors which affect the flowability of cast iron. 

X 

Describe a method for measuring the flowability of molten metal. 


Discuss the property of cast iron which is advantageous for machine parts sub¬ 
jected to vibrations. 

XII 

Explain the method of classifying the cast iron alloys as established by the 
A.S.T.M. 

XIII 

Account for the variations in strength of cast iron when cast in sections of 
different size. 

XIV 

What is the ratio of length to diameter of compression test specimens? 


XV 

What method is used for determining the total contraction of cast iron? 



CHAPTER IX 


THE CLASSIFICATION OF IRON CASTINGS 

PERCENTAGES OF CHEMICAL ELEMENTS IN IRON CASTINGS— Car¬ 
bon—Silicon—Manganese—Sulphur—Phosphorus—Nickel—Chromium—Molybde¬ 
num- CLASSES OF IRON CASTINGS— Easily Machined Cast Iron—High- 
Strength Cast Iron—Heat-Resisting Cast Iron— Pearlitic Iron—Ferritic Iron— 
Austenitic Iron —Corrosion-Resisting Cast Iron—Wear-Resisting Cast Iron 


Iron castings are produced of many different compositions for a 
great variety of uses. The mechanical properties of cast iron are depen¬ 
dent upon the rate of cooling, as well as upon the composition of the 
metal. As the cooling conditions are fixed largely by the design and 
the molding practice for a given casting, the properties of the metal in 
the casting must be controlled by adjusting its chemical composition. 
But it is unreasonable to prescribe definite compositions for general 
classes of iron castings in which the dimensions may change consider¬ 
ably. To illustrate, piston rings are made in many sizes from ^ inch 
to more than 1 inch in thickness, and the composition of iron which is 
satisfactory for one size of rings may be unsuited for other sizes. The 
task of classifying iron castings therefore becomes considerably involved, 
and ends in specifying an analysis for every design of iron casting. 
Practically, this ideal can not be attained, except when a sufficiently 
large number of castings are required of a given design. Foundries pro¬ 
ducing castings from many different sizes and designs of patterns must 
select a few compositions which are satisfactory for their entire pro¬ 
duction. 

Failures of iron castings are often the result of selecting the wrong 
type of iron for the particular requirements. Commercial grades of 
cast iron are available having tensile strengths up to 60,000 lb. per sq. in. 
and Brinell hardness values from 149 to 600. Furthermore, some com¬ 
positions are more serviceable than others for heat-, corrosion-, and 
wear-resisting purposes. 
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PERCENTAGES OF CHEMICAL ELEMENTS IN IRON CASTINGS 

The effects of the chemical elements on the properties of cast iron 
have been explained in Chapter VII. This knowledge is necessary 
when prescribing the compositions of castings for specific uses. A review 
of the percentages of the chemical elements in iron castings will now be 
given. 

Carbon 

The total carbon in cast iron obtained by melting pig iron and iron 
scrap in the cupola is usually from 3.40 to 3.80 per cent. When the 
metal charges contain steel scrap, the carbon may be from 2.80 to 3.40 
per cent. A low total carbon can also be obtained in cast iron produced 
in an air furnace or electric furnace by adding steel scrap or by burning 
out the carbon. 

The combined carbon in cast iron may include all or part of the total 
carbon, and for castings which are to be machined is usually less than 
0.80 per cent. In most gray iron castings the combined carbon is less 
than 0.55 per cent. 

Silicon 

The properties of cast iron are controlled most effectively by adjust¬ 
ing the silicon content. When white cast iron is desired, the silicon in 
the metal is usually between 0.50 and 1.10 per cent. The heavier the 
sections in the white iron castings, the lower the silicon must be to 
counteract the effect of the slower cooling of the castings. 

In the metal for gray iron castings, the silicon content is also depen¬ 
dent on the thickness of the castings and is adjusted so as to obtain the 
desired properties in combination with the remaining chemical elements. 
For light castings in which all sections are from \ to inch in thickness, 
a silicon content from 2.60 to 2.20 per cent is usually satisfactory; 
and for castings from \ to 1 inch in thickness, the silicon is from 2.20 
to 1.80 per cent. Castings pf medium size with sections between 1 and 
2 inches contain 1.80 to 1.40 per cent silicon. Large castings in which 
the sections are from 2 to 4 inches in thickness are produced with metal 
containing from 1.40 to1.20 per cent silicon. The ranges of silicon 
specified here are for irons iftwhieh the total carbon is from 3.40 to 3.80 
per cent. When the total carbon is less than 3.40 per oeht, a higher 
♦content of silicon may be tiped. 
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Manganese 

The manganese content of iron castings is usually from 0.50 to 1.00 
per cent. A minimum amount of manganese equivalent to six times 
the sulphur is generally provided in gray iron castings. 

Sulphur 

The sulphur content of cast iron is from 0.09 to 0.12 per cent, except 
for chilled castings in which this element may be raised to 0.15 per cent. 

Phosphorus 

Iron castings in which high strength is required and castings which 
are machined at high speeds usually contain less than 0.30 per cent 
phosphorus. For castings having intricate designs, such as are used 
for ornamental purposes, a phosphorus content of 0.80 to 1.00 per cent 
is commonly specified. Heavy machinery castings are produced from 
irons containing up to 0.50 per cent phosphorus. 


Nickel 

The proportion of nickel which is added to cast iron to improve its 
properties is ordinarily from 0.5 to 2.0 per cent of the weight of the 
metal. Some special irons, however, contain as much as 18 per cent 
nickel. 

Chromium 

The chromium content of alloy cast iron which is machinable is 
usually within the range of 0.20 to 0.60 per cent. Castings which are 
subjected to severe wearing or to high temperatures may contain up to 
3 per cent or even larger proportions of chromium. 


Molybdenum 


Molybdenum is used in cast iron in quantities from 0.25 to 1.50 per 
cent of the weight of the metal. When used in combination with other 
alloying elements, the molybdenum content is usually from 0.30 to 
0.50 per cent. ; ' 


CLASSES OF IRON CASTINGS 


The two main classes of cast iron are designated as plain iron and 
alloy iron. The plain irons contain those elements which are ordinarily 
found in pig iron, and the alloy irons contain additional elements such 
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as nickel, chromium, and molybdenum in sufficient proportions to affect 
the properties. The advantages of the special alloying elements are 
obtained only when they are added to a base iron of suitable composition. 

Some assistance in the classification of iron castings can be obtained 
from a consideration of the important requirements of castings in com¬ 
mercial applications. For some purposes, the cost of machining is the 
controlling factor; for others, high mechanical properties are most 
important; and for still others, the cast iron must be resistant to heat, 
corrosion, or wear. 

Easily Machined Cast Iron 

Ease of machining is the most important requirement of many cast- 
metal products. The desired structure for cast iron which can be 
machined easily is a matrix composed largely of ferrite with most of the 
carbon in the free state. Plain irons with high total carbon and high 
silicon have good machining qualities. For castings § to 1^ inches in 
thickness, an iron containing 3.50 per cent total carbon, 2.00 to 2.50 per 
cent silicon, and less than 0.50 per cent phosphorus is satisfactory. 

High-Strength Cast Iron 

The commercial production of cast iron having superior mechanical 
properties has resulted in extending the application of this metal to 
many new products. (See Fig. 104.) High-strength cast iron is 



Courtesy of Campbell , Wyant, and Cannon Foundry Company 

Fig. 104. —Alloy Cast-Iron Crankshaft 
L ength: 85 in. Weight: 472 ib. Composition: TC—2.40 to 2.75%, Si—2.20 to 2.75%, 
Cr—0.10%, Ni—0.80 to 1.25%, Mo—0.75 to 1.35%. 

obtained by a special procedure during its preparation and by the 
adjustment of the chemical composition of the metal from the cupola, 
air furnace, or electric furnace. 

The properties of gray cast iron depend upon the amount, size, and 
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distribution of the graphite constituent within the steel-like matrix. A 
relatively small proportion of free carbon is desired in irons which must 
have high tensile strength because the spaces occupied by the graphite 
are equivalent to voids when the metal is under tension. As graphite is 
formed from the dissociation of the combined carbon during the cooling 
of the metal from the molten state, the lower the total carbon and the 
less the graphitizing effect of the other elements in the metal, the lower 
will be the amount of free carbon in cast iron. When mixtures of pig 
iron and scrap iron are melted in the cupola, the resulting metal will 
ordinarily contain about 3.50 per cent carbon. A lower total carbon 
can be obtained by using steel scrap in the cupola charges. Metal mix- 



Fig. 105. —Constitutional Diagram of Plain Cast Iron (Coyle) 


tures containing 20 per cent steel will have a total carbon of about 3.20 
per cent, and mixtures with 50 per cent steel will have about 3.00 per 
cent carbon after melting in a cupola. When the metal charges contain 
95 per cent steel scrap, the resulting total carbon will be about 2.80 per 
cent. The total carbon in cast iron produced from metal charges con¬ 
taining low carbon is influenced by the length of time the molten metal 
remains in contact with the coke in the bed. By providing a shallow 
crucible and allowing the metal to run from the cupola continuously, a 
low total carbon can be obtained. Furthermore, the quality of the coke 
used in the cupola has some effect on the amount of carbon absorbed 
by the metal. A hard, dense coke of large size is preferred when cast 
iron with low total carbon is desired. In the air furnace and electric 
furnace, the total carbon can be lowered by using steel scrap or by 



168 


THE CLASSIFICATION OF IRON CASTINGS 


oxidizing the carbon to the extent necessary to obtain the desired total 
carbon content. 

The desired structure for a high-strength machinable iron consists 
of a matrix of small pearlite grains with the graphite finely divided and 
uniformly distributed throughout the pearlite. (See Fig. 93 in Chap¬ 
ter VII.) This condition is obtained by having the silicon correctly 
balanced for the size of section and for the total carbon content. The 
diagram in Fig. 105 shows the relationship of silicon to total carbon for 

different strengths of plain cast 
iron in sections l| inches in 
thickness. 

The addition of special 
alloying elements to cast iron 
of suitable composition causes 
an improvement in the me¬ 
chanical properties of the 
metal. Nickel, chromium, 
and molybdenum, either singly 
or in combinations, are em¬ 
ployed most extensively for 
this purpose. Other elements 
such as vanadium, copper, 
titanium, aluminum, and zir¬ 
conium may also be used to 
improve the properties of cast 
iron. In general, the beneficial 
effects of the alloying elements 
are to control the dissociation 
of the combined carbon, to 
cause the formation of finely 
divided graphite, and to 
strengthen the pearlitic matrix. 
When nickel and chromium are 
added to the same iron, tfye, proportion of nickel is usually two and one- 
half times the amount of ohirpmium. Molybdenum is sometimes used 
in equal proportions with chromium. Several typical compositions of 
alloy cast iron, each of which will have a tensile strength of over 50,000 
lb. per sq. in. with A.S.T.M. bar B, are given in Table IV. 

High-strength iron is produced from low-carbon (less than 3.0 per 
cent), low-silicon mixtilres by adding silicon or other graphitizing ele¬ 
ments in suitable proportions to the stream of metal as it flows from the 



Fig. 106 .—Alloy Cast-Iron Gear 


Diameter: 44 in. 

Weight: 1,450 lb. 

Composition: TC—3.25%, 

Si—2.39%, Mn—1.08%. 
Ni—1.00%, Mo—0.50%. 
Tensile strength: 65,000 lb. per 
sq, in. ( A.S.T.M . Bar B). 
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melting furnace. The base iron, if cast directly into molds, would solid¬ 
ify with a white fracture, but the ladle additions bring about the trans¬ 
formation to a gray machinable iron. Cast iron prepared in this way 
has high strength because the graphite separates in small particles 

Table IV 


Compositions of High-Strength Alloy Cast Iron 



Total 

Carbon, 

% 

Silicon, 

% 

Manga¬ 

nese, 

% 

Nickel, 

% 

Cliromium, 

% 

Molyb¬ 

denum, 

% 

Usual 

2.70 

1.50 

0.50 

0.50 

0.20 

0.25 

Limits 

to 

to 

to 

to 

to 

to 


3.15 

2.50 

1.00 

2.00 

0.60 

0.50 

A 

3.10 

2.00 

1 

0.60 

1.50 

0.60 


B 

3.00 

2.30 

0.55 

1.00 


0.50 

C 

3.15 

2.35 

0.60 

0.50 

0.50 

0.50 

D 

3.00 

1.(50 

0.85 

1.50 

0.60 

0.35 


uniformly distributed throughout a matrix of pearlite. Nickel, chro¬ 
mium, or molybdenum may be included with the ladle additions to aid 
in producing uniformity of structure and higher strengths. 

Heat-Resisting Cast Iron 

The gradual deterioration in strength and soundness of iron castings 
when exposed to high temperatures (above 800 degrees F.) is brought 
about by the growth and oxidation of the metal. 4 The separation of 
free carbon from the combined carbon under the influence of heat 
causes a permanent expansion of the metal. Furthermore, the pene¬ 
tration of oxidizing gases along particles of graphite results in the oxida¬ 
tion of the constituents in gray cast iron, |f the composition of the 
cast iron is such that oxidation is prevented, br if the structure is such 
that gases cannot readily penetrate to the interior of the metal, the 
service life of the castings at high temperatures will be extended. The 
heat resistance of cast iron is also improved by retarding the dissociation 
of combined carbon or by producing a structure without combined car¬ 
bon. Three types , of machinable cast iron for heat-resisting applica¬ 
tions will now be described. 
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Pearlitic Iron.—Cast iron having a pearlitic matrix with a small 
proportion of finely divided and well-distributed graphite is satisfactory 
for resisting temperatures up to 1200 degrees F. As the silicon and 
total carbon are lowered in plain gray iron, the castings produced are 
more durable at high temperatures. The addition of alloying elements, 
even in small percentages, causes an improvement in the heat-resisting 
quality of pearlitic irons. A typical composition for this group in cast 
sections of f to inches is 3.00 to 3.30 per cent total carbon, 1.50 per 
cent silicon, 0.80 per cent manganese, 1.50 per cent nickel, and 0.60 per 
cent chromium. 

Ferritic Iron.—When the silicon content is increased to 5 per cent 
with the total carbon at 2.50 per cent, the resulting iron is highly resis¬ 
tant to oxidation and is satisfactory for castings exposed to temperatures 
up to 1550 degrees F. This iron is composed of ferrite with finely divided 
graphite, hence is easily machinable. It can be produced in the cupola 
from mixtures of steel scrap and ferrosilicon. Each 1 per cent of silicon 
causes the total carbon to decrease about 0.25 per cent. 

Austenitic Iron.—A special heat- and corrosion-resisting cast iron 
designated as “nicrosilal” has been developed by the British Cast Iron 
Research Association. 5 The composition of this alloy iron is as follows: 
2 per cent total carbon, 5 per cent silicon, 1 per cent manganese, 18 per 
cent nickel, and 2 to 5 per cent chromium. The structural constituents 
in this iron as cast are austenite and graphite. At temperatures up to 
1750 degrees F., scaling proceeds very slowly, and the castings show 
practically no growth. 

Another alloy cast iron known as “ni-resist” which has favorable 
heat-resisting characteristics at temperatures up to 1500 degrees F., as 
well as resistance to attack by many chemicals, has been developed by 
The International Nickel Company. The chemical composition of this 
cast iron is as follows: 2.75 to 3.10 per cent total carbon, 1.25 to 2.00 
per cent silicon, 1.00 to 1.50 per cent manganese, 12 to 15 per cent nickel, 
5 to 7 per cent copper, and 1.5 to 4.0 per cent chromium. This alloy 
cast iron has a tensile strength of about 30,000 lb. per sq. in. Castings 
of the heat-resisting alloy irons are used for furnace parts, oil burners, 
glass molds (see Fig. 107), enameling racks, and similar applications. 

Corrosion^Resistmg Cast Iron 

Cast iron containing 14 to 16 per cent silicon and 1 per cent or less 
carbon is used extensively in the chemical industries because of its 
resistance to corrosion. This alloy isprepared in an air furnace or elec¬ 
tric furnace and is usually cast in green-sand molds. The high-silicon 
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iron is exceedingly hard and can be finished only by grinding. Holes 
for bolts, for outlets, or for other purposes are made by cores in the 
molds. This metal is practically unaffected by sulphuric, nitric, acetic, 
and many other commercial acids at any concentration. It is not satis- 



Courtesy of The International Nickel Company 


Fig. 107. —Castings of Heat-Resisting Cast Iron for Shaping Glass 

factory for equipment subjected to rapid fluctuations in temperature or 
to high temperatures. The chief products made of high-silicon iron are 
acid pans, kettles, condensers, pumps, valves, pipes, and fittings. 

Wear-Resisting Cast Iron 

Resistance to wear is often an important requirement in combination 
with high strength for many uses of iron castings. The high-strength 
gray irons which have been discussed are satisfactory for resisting wear 
when the contact pressures are low and abrasion is not excessive. One 
of the valuable characteristics of gray cast iron is its freedom from any 
tendency to seize or gall when used in sliding contact with other metals. 

Parts of machines or equipment which must withstand severe abra¬ 
sion are often made of white cast iron throughout or with chilled sur¬ 
faces. This hard, wear-resisting iron is obtained by lowering the silicon 
content (usually less than 1 per cent) and increasing the cooling rate so 
that all carbon will remain in the combined artate. . The hardness of > 
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white cast iron can be increased by additions of alloying elements. 
Nickel in amounts from 2 to 5 per cent and chromium up to 3 per cent 
progressively increase the hardness of chilled or white iron castings. 
When 4.5 per cent nickel and 1.5 per cent chromium are added to a base 
composition which would normally produce a white structure, an iron 
is obtained with a Brinell hardness of about 600. 
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REVIEW QUESTIONS 
I 

What basis is used for the classification of iron castings 9 


II 

What structure is desired in easily machined gray cast iron? 


Ill 

Explain why a low total carbon aids in obtaining high strength in cast iron. 


What structure is desired in high-strength machinable iron? 


V 

Give definite instructions for producing plain gray cast iron to meet A.S.T.M . 
class 40-B specifications. 

VI 

State two typical compositions of high-strength alloy cast iron,, and explain the 
effects of each Of the,alloying elements. 
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VII 

Explain the effect of ladle additions of graphitizing elements to low-silicon mix¬ 
tures for gray iron castings. 


VIII 

Discuss three types of machinable cast iron for heat-resisting applications. 

IX 

Discuss the advantages and uses of cast iron containing 15 per cent silicon. 


X 


Specify the composition of iron castings for machine parts which are subjected 
to severe abrasive wear. 


XI 


What range of silicon must be used in plain iron with 3.00 per cent carbon to 
obtain class 40-B iron? 


XII 


Specify the composition of iron castings which must be non-magnetic. 


XIII 

What structure of cast iron is favorable for resisting deterioration at high 
temperatures? 

XIV 

What alloy cast iron is satisfactory for resisting attack by acids? 


XV 

Discuss the beneficial effects of alloying elements on the properties of cast iron. 



CHAPTER X 


CALCULATION OF THE METAL CHARGES FOR THE CUPOLA 

ESTABLISHING THE COMPOSITION OF CASTINGS—THE USE OF SCRAP 
METALS—CHANGES IN COMPOSITION OF METAL MIXTURES IN THE 
CUPOLA—CONSTITUENTS OF METAL MIXTURES—PROBLEMS ON 
METAL MIXTURES—ADDITIONS OF SPECIAL ELEMENTS—Manganese 
—Nickel—Chromium—Molybdenum—Availability of Alloying Elements—THE 
USE OF FORMULAS IN PROPORTIONING METAL MIXTURES—A 
GRAPHICAL METHOD FOR PROPORTIONING METAL MIXTURES— 
THE USE OF CHARTS FOR ESTABLISHING METAL MIXTURES—METAL 
CHARGES FOR OTHER MELTING FURNACES—FORM FOR RECORDING 
DATA ON METAL CHARGES 

The exact proportioning of the metals used in the cupola charges is 
one of the important factors which contribute to the economical pro¬ 
duction of iron castings. The prices of pig iron are dependent upon the 
amounts of the elementary constituents in the metal. As the percentage 
of silicon or manganese increases, and that of sulphur or phosphorus 
decreases, the price advances. Furthermore, scrap metals are sorted 
into groups according to the previous uses of the metal parts, a classifi¬ 
cation which is based indirectly on the compositions of these metals. 
The prices of the ferro-alloys are also dependent on the amounts of their 
important elementary constituents. As all the metals used in the 
cupola charges are purchased directly or indirectly on the basis of their 
chemical compositions, the maximum value of these materials can be 
obtained only when they are proportioned so as to produce the most 
favorable composition in the castings. 

It is recorded by Thomas D. West that previous to 1890 practically 
all foundries in the United States had purchased pig iron on the basis 
of the appearance of the fractured surfaces of the metal. The iron with 
the coarsest grains was used for the softest castings, and the iron with 
fine grains was melted for hard castings. The use of the fracture¬ 
grading method in preparing cupola charges resulted in unreliable prop¬ 
erties in the castings. The foundry industry has gradually adopted the 
more certain method of preparing metal mixtures on the basis of the 
chemical constituents of the materials used in the metal charges. 

174 
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ESTABLISHING THE COMPOSITION OF CASTINGS 

The first requirement in the calculation of metal charges for the 
cupola is to establish the limits or range of composition of the castings 
to be produced. The effects of the chemical elements on the properties 
of cast iron have been discussed in previous chapters. Many combina¬ 
tions of properties can be obtained by adjusting the chemical composi¬ 
tion of cast iron. 

One of the important demands on iron castings is uniformity in 
machining qualities. This requirement has resulted from the modern 
practice of rapid production on repetition jobs in the machine shop. 
Machine tools are equipped for multiple operations, and if castings of 
non-uniform hardness are machined, the adjustments of the tools will 
not remain fixed, and a delay in production and inaccuracies will result. 
It is not uncommon for a manufacturing plant to pay a premium for 
castings having uniform machinability. This condition can be attained 
by controlling definitely the metal mixtures for the cupola so as to obtain 
molten metal of uniform composition. 


THE USE OF SCRAP METALS 

The metal charges for the cupola generally contain pig iron and 
scrap metals. At every foundry a certain proportion of the metal 
poured is returned to the furnace to be remelted in later charges. This 
material known as returned foundry scrap and machine-shop scrap con¬ 
sists of gates and risers from previous heats, as well as castings which 
have been found to be defective in the cleaning department of the 
foundry or in the machine shop. The proportion of this scrap is ordi¬ 
narily from 25 to 50 per cent of the total weight of the metal poured. 
In addition to the returned foundry scrap, a supply of iron scrap is often 
purchased from outside sources. The composition of the returned 
foundry scrap is approximately the same as that of the castings pro¬ 
duced. However, it is necessary to estimate or determine the average 
analysis of different lots of purchased iron and steel scrap. This infor¬ 
mation is required when calculating the metal charges for the cupola 
furnace. 

The proportion of scrap metals which can be used in metal mixtures 
for the cupola depends upon the chemical compositions of these 
materials, as well as upon the changes in composition which take place 
during melting. As the sulphur content increases with each melting, 
the proportion of scrap metal in cupola charges is limited by the 
amount of this element which is permitted in the castings. The silicon 
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and manganese which are lost during the melting process must be 
replaced in subsequent charges. The amounts of pig iron, ferro-alloys, 
and scrap metals which can be used successfully in cupola charges 
depend primarily upon the chemical compositions of these ingredients. 

The selection of the metals for cupola charges will also depend 
to some extent on the market prices of these raw materials at the 
foundry where they are to be used. The relative prices of pig iron and 
scrap iron may influence the proportions of these metals in the furnace 
charges. 

It is possible to produce iron castings from metal mixtures which 
contain only pig iron. On the other hand, the metal charges may con¬ 
sist largely of scrap metals with sufficient additions of the ferro-alloys 
to produce the correct average analysis. As it is difficult to maintain 
a uniform composition from metal mixtures which contain some of the 
elements in concentrated form, this practice is not generally preferred. 
The average practice is to use from 40 to 60 per cent of selected iron 
scrap in the cupola charges. 

The addition of steel scrap produces favorable properties in the result¬ 
ing metal for some purposes. At many foundries, definite grades of steel 
scrap such as steel rails, or steel flashings from drop-forge plants, are 
used regularly in the metal mixtures for iron castings. The proportion 
of steel scrap used in this way may be from 10 to 90 per cent of the 
weights of the metal charges. 

CHANGES IN COMPOSITION OF METAL MIXTURES IN THE CUPOLA 

To obtain castings within a definite range of composition, the metal 
charges for the cupola must be prepared to compensate for the changes 
in composition lyhich take place during the melting period. These 
changes in the amounts of the chemical elements before and after melting 
depend to a large Extent upon the melting practice. For a given installa¬ 
tion and a definitfe-cupola practice, the loss or gain in each of the chemical 
elements will remain practically constant for all heats. 

Cast iron which has been melted in a cupola furnace from mixtures 
of pig iron and iron scrap ordinarily contains from 3.40 to 3.50 per cent 
carbon. The use of steel scrap in the metal charges lowers the total 
carbon content of the resulting metal. Although the steel scrap is 
carburized to some^extent during its descent through the cupola, this 
constituent dilutes the total carbon content of the entire metal mixture. 
This effect is due tp the low carbon content (0,20 to 0.80 per cent) of the 
steel scrap. When a metal mixture contains 20 per cent steel, a total 
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nrbon content of about 3.20 per cent is ordinarily obtained. As the 
proportion of steel scrap in the metal charges is increased, the carbon 
content of the resulting metal is lowered. When the cupo/a charges 
contain mostly steel scrap, the total carbon may be reduced to 2.80 per 
cent. The final carbon content of cupola metal is influenced to some 
extent by the height of the crucible, the quality of the coke used, and 
the rate of the air supply. 

Some of the silicon in the metal charges is lost by oxidation during 
the melting of tne metal mixtures in the cupola furnace. If this loss, 
expressed as a percentage of the total silicon, is equivalent to the per¬ 
centage of the total loss of metal during melting, the silicon content of 
the resulting metal will be the same as the average silicon content of 
the original metal mixture. As a rule, the percentage of the total 
weight of metal which is not recovered after melting is less than the 
percentage loss of silicon alone. Therefore, it is usually necessary to 
supply an excess of silicon in the metal charges over the amount required 
in the castings. As it is difficult to determine the exact loss in silicon 
alone, it is more convenient to establish the loss factor for silicon and 
to use this value in finding the average silicon content of the metal 
mixtures for the cupola furnace. This factor is obtained experimentally 
by subtracting the silicon content in percentage of the resulting metal 
from the average silicon content of the metal charges, and dividing this 
difference by the silicon content of the charges from which the metal 
was produced. The average loss factor for silicon under favorable oper¬ 
ating conditions is 10 per cent of the total silicon charged into the 
cupola. To find the silicon content of a metal mixture, it is only neces¬ 
sary to divide the desired silicon content of the castings by 100 minus 
the loss factor in percentage. > ■ = 

The amount of manganese in the metal mixture$;fis also decreased 
during melting in the cupola. The loss factor for inanganese caused 
by oxidation is normally about 15 per cent of the paginal nianganese 
content. The oxides of silicon and manganese collect Hi ihe cupola slag. 

The sulphur content of the metal charges is increased, because of. the 
absorption of sulphur from the fuel used in the cupola. Pig irbn usually 
contains less than 0.05 per cent sulphur, and scrap iron geiierally has 
less than 0.12 per cent. When the coke contains less than 0,75 per cent 
sulphur, the metal gains about 0.02 per cent of this element during each 
melting. V 

The action of the remelting process as related to phosphorus is 
mainly that of concentration. The phosphorus and sulphur which are 
present in the cupola charges are not oxidized during the melting process, 
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but may be removed from the metal to some extent in the cupola slag. 
An increase of 0.02 per cent phosphorus in the metal may be assumed in 
the calculations for cupola charges. 

Certain general assumptions may be made as to the changes in the 
proportions of the elementary constituents in the metal charges during 
melting. However, these factors can be established experimentally for 
a given cupola practice. It is only necessary to determine the average 
chemical composition of the metal mixture before charging, and of the 
castings produced from this mixture. The loss factor for either silicon 
or manganese is obtained by dividing the difference between the per¬ 
centages of the element before and after melting by the percentage of 
the element in the original metal mixture. 


CONSTITUENTS OF METAL MIXTURES 

The metals are usually procured within the limits of the sulphur and 
phosphorus requirements of the castings to be produced. When castings 
with a phosphorus content of less than 0.20 per cent are to be made, the 
pig iron and scrap metals are selected with an average phosphorus con¬ 
tent within the required limits. The same consideration is given to the 
sulphur content of the materials used. The desired manganese content 
can be obtained by proportioning the metals used in the charges, or by 
the addition of manganese in the form of ferro-alloys to the molten 
metal. In most cases, only the minimum content of manganese is 
specified for the castings. The pronounced influence of silicon on the 
properties of cast iron warrants the practice of using this element as 
the main factor in calculating the amounts of the different metals to be 
used in the cupola charges. 

After establishing the desired analysis of the castings, the proportion 
of scrap metals to be used, and the changes in composition during melt¬ 
ing, the materials are selected and apportioned to obtain the composition 
required in the castings. The computations for metal mixtures can be 
made on the basis of the percentages of the elements or on the basis of 
the weights of the chemical elements. The method of combining the 
elementary constituents on the basis of weight is more direct and will 
be used in the problems which follow. 

PROBLEMS ON METAL MIXTURES 

The solutions of definite problems will illustrate the procedure used 
in calculating the metal charges for the cupola. 
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Problem 1: 

Find the weights of the materials used in one metal charge for machinery 
castings having the following composition: silicon , 1.80 per cent; man¬ 
ganese minimum , 0.65 per cent; sulphur maximum , 0.10 per cent; and 
phosphorus maximum , 0.50 per cent. Each metal charge will contain 
1,000 pounds of pig iron and 1,000 pounds of iron scrap. The average 
changes in composition of the metal mixture during melting will be assumed. 
The analyses of the pig iron and scrap iron which are available for the 
cupola charges are as follows: 



Silicon Manganese Sulphur 

Phosphorus 


% 

% 

% 

% 

Pig iron—pile A. 

. 2.46 

0.90 

0.045 

0.40 

Pig iron—pile B. 

. 1.36 

0.98 

0.050 

0.34 

Iron scrap (automobile cylinders). 

. 2.25 

0.70 

0.080 

0.23 


As the manganese, sulphur, and phosphorus in the materials to be 
used are within the limits of the requirements of the castings, these 
elements will be disregarded, and the metal mixture will be calculated on 
the basis of the silicon content of the metals which are available. 

If X represents the pounds of pig iron from pile A, then 1,000 — X 
will represent the pounds of pig iron from pile B for each metal charge. 
As the metal in pile A contains 2.46 per cent silicon, the weight in pounds 
of silicon from this source is equal to X multiplied by 0.0246. As the 
metal in pile B contains 1.35 per cent silicon, the weight in pounds of 
silicon from this source is equal to 1,000 — X multiplied by 0.0135. 
As the iron scrap contains an average of 2.25 per cent silicon, the weight 
in pounds of silicon from this source is equal to 1,000 multiplied by 
0.0225. Therefore, the total weight in pounds of silicon in one metal 
charge equals 

(X X 0.0246) + [(1,000 - X) X 0.0135] + (1,000 X 0.0225) 

It is assumed in this problem that the loss factor for silicon is 10 per 
cent of the total silicon in each metal charge. This factor was deter¬ 
mined experimentally by subtracting the silicon content of the resulting 
metal from the silicon content of the metal mixture, and dividing by the 
average silicon content of the metals charged into the cupola. There¬ 
fore, the silicon content of the resulting metal will represent 90 per cent 
of the silicon in each original metal charge. The total weight in pounds 
of silicon in one metal charge can be found by dividing 0.0180, which 
is the silicon content of the castings, by 0.90 and multiplying by 2,000, 
the weight of one metal .charge. 
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Two expressions have now been obtained for the total silicon content 
of one metal charge. These values can be set forth in an equation; and 
by solving for X, the weight of pig iron from pile A can be readily found. 

(X X 0.0246) + [(1,000 - X) X 0.0135] + (1,000 X 0.0225) 

£ (0.0180 -f- 0.90$ X 2,000 

or 0.0246X + 13.5 - 0.0135X + 22.5 = —^ X 2,000 

or 0.011 IX = 4 

Therefore, X = 360 pounds of pig iron from pile A in each metal 
charge. 

1,000 — X = 640 pounds of pig iron from pile B in each metal 
charge. 

Also, 1,000 pounds of iron scrap are used in each metal charge. ^ 
Problem 2: 

As soon as the returned foundry scrap collects in sufficient quantity , it 
will be desirable to indude some of this material in the charges . % Jf the 
metal mixture is changed to include 50 per cent pig iron , 80 per cent returned 
foundry scrap , and 20 per cent purchased scrap ^automobile cylinders ), 
determine the weights of pig iron from pile A and pile B in each metal 
charge . 

Another equation based on the silicon content of the new mixture 
must be used. The returned foundry scrap will have a silicon content 
of 1.80 per cent. 

The calculations are as follows: 

(X X 0.0246) + [(1,000 - X) X 0.0135] + (600 X 0.018) 

+ (400 X 0.0225) = (0.018 4- 90) X 2,000 

or 0.0246X + 13.5 - 0.0135X + 10.8 + 9 = 40 

Therefore, X * 604 pounds of pig iron from pile A in each metal charge. 

1,000 — X ,« 396 pounds of pig iron from pile B in each metal charge. 

Also, 600 pounds of returned foundry scrap and 400 pounds of iron scrap 
(automobile cylincj[er8) are used in each metal charge. 

In the previous prpbleins, the amount of pig iron from each of two 
piles was found wjjic% would give a definite content of one element, sili~ 
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con, in the castings. It is possible to derive mixtures which will give 
definitely two elements, such as silicon and manganese, in the resulting 
product, provided three lots of pig iron with analyses within a limiting 
range are available. However, it is seldom necessary to calculate metal 
mixtures on the basis of more than one element. The metal charges for 
the cupola are usually apportioned so as to contain a definite amount of 
silicon because this element has a pronounced effect on the properties of 
cast iron. 


ADDITIONS OF SPECIAL ELEMENTS 

Special alloying elements can be introduced to cast iron by including 
them in the charges for the melting furnace or by adding them to the 
metal while it is being poured from the furnace. The alloying materials 
are supplied to the furnace charges in the form of pigs, lumps, or briquets. 
High-silicon pig iron known as silvery iron containing 5 to 17 per cent 
silicon, and high-manganese pig iron known as spiegeleisen containing 
15 to 30 per cent manganese, can be obtained for cupola charges. 
Furthermore, a special pig iron known as “Mayari” iron is available 
for introducing chromium and nickel to the metal for iron castings. 
This alloy pig iron is produced with 2.40 per cent chromium, 1.20 per 
cent nickel, and a wide range in the percentage of silicon. 

The use of the ferro-alloys in briquetted form offers a convenient 
method for adding special elements to cupola charges. Briquets are 
available containing definite weights of manganese, silicon, or chromium. 
They are prepared from the crushed ferro-alloys with a cement binder 
and are formed into definite shapes which identify the specific alloys. 

Ladle additions of the alloying elements or the ferro-alloys can be 
made with the materials in the form of shot, in a finely pulverized con¬ 
dition, or in the molten state. Because the alloys which are ordinarily 
added to cast iron have melting temperatures near to those of the metal 
to which they are supplied, it is important that the cast iron be super¬ 
heated to a degree which will permit the maximum solution of the alloys. 
The most satisfactory way to introduce the solid alloys is to add them 
gradually to the stream of metal while the ladle is being filled. 

Manganese 

If the pig iron and scrap metals on hand are too low in manganese 
to obtain the desired amcjhnt of this element in the castings, the man¬ 
ganese content of the mkal can be increased by the addition of ferro¬ 
manganese to each ladle Of molten metal. The standard alloy for this 
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purpose contains about 80 per cent manganese, 7 per cent carbon, and 
the remainder iron. As the melting point of this alloy is relatively high 
(about 2210 degrees F.), the ferromanganese should be crushed, pre¬ 
heated, and stirred well into the liquid metal. Under average condi¬ 
tions, about 50 per cent of the alloy added to each ladle of metal is lost 
through oxidation or directly in the slag. 

Nickel 

A special alloy of nickel known as “F” nickel has been developed by 
the International Nickel Company for ladle additions to cast iron. 
This alloy contains an average of 92 per cent nickel, 6 per cent silicon, 
and 2 per cent iron. The particular advantage of this alloy is that it 
melts at approximately 2300 degrees F., whereas pure nickel melts at 
2646 degrees F. For this reason, it is possible to dissolve the 
nickel alloy in cast iron which has been heated above 2400 degrees F. 
The “F” nickel in the form of shot is usually added to the stream of 
metal soon after it leaves the cupola furnace. If reasonable care is 
taken to superheat the cast iron and to distribute the alloy in the metal, 
the loss of nickel is relatively small. 

Chromium 

This element is introduced to cast iron either in the metal charges 
for the melting furnace or as ladle additions of ferrochromium. A 
special chromium-bearing pig iron and the chromium alloys prepared 
in briquet form are available for furnace charges. The alloy which is 
ordinarily used in adding chromium to molten cast iron contains 60 to 
75 per cent chromium, 2 to 3 per cent silicon, 4 to 6 per cent carbon, 
and the remainder iron. This alloy has a melting temperature of about 
2300 degrees F. It is therefore necessary to have the cast iron at a 
relatively high temperature in order to obtain complete solution of the 
ferrochromium. The finely pulverized alloy is usually add|*d tj| the 
Btream of metal as it enters the ladle. :v 

When large proportions of chromium are required in cast iron, fur¬ 
nace additions are more satisfactory than ladle additions. The loss of 
chromium paused by the oxidation of this element depends upon the 
conditions under which it is used. In the cupola furnace, the loss may 
be from 10 tjS30 $er <cent of the weight of chromium in the charges. 
With reasonable care, not more than 10 per cent loss is incurred when 
chromium is added in the ladle. 
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Molybdenum 

Molybdenum is usually supplied to cast iron by ladle additions of 
ferro-alloys which are readily soluble in cast iron at ordinary pouring 
temperatures. The molybdenum alloys are crushed finely and are added 
to the stream of metal while the ladle is being filled. The loss of 
molybdenum when added in this way is relatively small. 

Availability of Alloying Elements 

When any element is introduced to a bath of metal by means of an 
alloy addition, the weight of metal in the bath is increased by the 
amount of the alloy which is added. This condition requires that more 
of the special element be supplied to compensate for the dilution of the 
bath of metal. Therefore, the full amount of the special element in the 
alloy will not be available for increasing the proportion of this element 
in the original weight of metal in the bath. The law of availability 
states that the available content of the special element in any alloy is 
equal to the percentage of this element in the alloy minus the percentage 
of the special element in the final mixture. This law will now be applied 
in the solution of several problems. 

Problem 3: 

An alloy cast iron having a nickel content of 2.0 per cent is to be pre¬ 
pared by a ladle addition of an alloy containing 92.0 per cent nickel. 
Determine the weight in pounds of the nickel alloy to be added to 1,800 
pounds of molten cast iron. 

The calculations follow: 

1,800 X 0.02 = 36 net pounds of nickel required. 

0,92 Jk 0.02 = 0.90 pound of nickel available in each pound of the 

l|o.90 = 40 pounds of the alloy required. 

Problem 4- 

A chromium content of 0.80 per cent is required in the metal for certain 
iron castings. The ferrochromium which is on hand contains 70.8 per cent 
chromium. Determine the weight in pounds of the chromium alloy which 
must be added to a ladle holding 1,200 pounds of cast iron. Assume that 
8 per cent of the chromium which is added to the ladle is lost by oxidation. 



184 CALCULATION OF THE METAL CHARGES FOR THE CUPOLA 


Following are the calculations: 

1,200 X 0.008 = 9.6 net pounds of chromium required. 

0.703 — 0.008 = 0.695 pound of chromium available in each pound 
of the alloy. 

9.6 ~r- 0.695 = 13.8 net pounds of the alloy required. 

100 — 8 = 92 per cent of the alloy recovered. 

13.8 -T- 0.92 = 15 total pounds of alloy required. 


THE USE OF FORMULAS IN PROPORTIONING METAL MIXTURES 


The proportions of two lots of metal which will give a desired content 
of an element can be found by the use of formulas. Let D equal the 
desired content of the element. Let L equal the content of the element 
in the lot which has a lower content of the element than desired. Let 
H equal the content of the element in the lot which has a higher content 


of the element than desired. 


Then 


D - L 
H - L 


= the proportion of the 


metal from the lot which has a higher content of the element than 


desired. And 


H - D 


= the proportion of the metal from the lot which 


II - L 

has a lower content of the element than desired. 

This method for establishing the proportions of two or more lots of 
metal to obtain a desired mixture will be shown in the solution of the 
following problems. 


Problem 5: 

Find the proportions of low-silicon iron containing 1.80 per cent 
silicon and high-silicon iron containing 2.55 per cent silicon to obtain 
an average of 2.4.0 per cent silicon in the metal mixture. 


By the use of the formulas, the following equations are derived: 


2.40 - 1.80 0.60 

2.55 - 1.80 “ 0.75 

2.55 - 2.40 0.15 

2.55 - 1.80 “ 0.75 


80 per cent of high-silicon iron required. 


20 per cent of low-silicon iron required. 


If it i# desired to use three or more lots of metal in one charge, mix¬ 
tures are found for any combinations of two lots, and then any propor¬ 
tions of the different mixtures can be added, to give the full charge. 

Problem 6: 

Three piles of pig iron are on hand. Pile A contains 2.82 per cent , 
pile B 2.22 per cent, and pile C 2.12 per cent silicon. Determine the weight 
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in pounds of iron from each of these piles for one cupola charge of 2,000 
pounds of metal having an average silicon content of 2.1fi per cent . 

With the three different compositions of pig iron on hand, it is possi¬ 
ble to combine pile A and pile B, as well as pile A and pile C, to obtain 
the desired silicon content in the metal mixtures. 

Using the formulas, the weights of metal from the different piles in 
the two combinations are as follows: 

2.40 - 2.22 0.18 

2 ~ 82 ~ - 2 2 2 = 0~60 = 30 % or 600 P ounds from P ile A ( 2 - 82 % Si ) 

2 82 - 2 40 0.42 

2 82 - 2 22 = 0 60 = ? °^ ° r 1,400 P ounds from P ile B ( 2 - 22 % Si > 

2 40 - 2.12 0.28 

2 82 - 172 = 0TO = 4 °^ ° r 800 P° unds from P ile A ( 2 - 82 % Si ) 

2 82 - 2.40 0.42 

2 82 - 2 12 = 070 = 6 °^ 0 ° r 1,200 P ounds from P ile C ( 2 - 12 % Si ) 

These mixtures can be combined in any ratios to obtain one metal 
charge. If one-half of the first mixture is used with one-half of the sec¬ 
ond mixture, the total charge will contain 700 pounds from pile A, 700 
pounds from pile B, and 600 pounds from pile C. If a larger amount 
of iron from pile C is to be used, one-fourth of the first mixture can 
be combined with three-fourths of the second mixture. The total metal 
charge will then contain 750 pounds from pile A, 350 pounds from pile 
B, and 900 pounds from pile C. 


A GRAPHICAL METHOD FOR PROPORTIONING METAL MIXTURES 

A graphical method can be used for finding the amounts of different 
lots of metal to obtain a desired composition in the mixture. A diagram 
is constructed as shown in Fig. 108. The base line A-B represents the 
total amount of metal in one charge. Units corresponding to percent¬ 
ages or pounds of metal are indicated on the base line. From points A 
and B , lines are drawn in opposite directions and at right angles to the 
base line. Equally spaced intervals are then laid off on these two lines 
as indicated in Fig. 108.* The values given on line A-C designate the 
differences in percentage of the high silicon and the desired silicon in 
the mixture. Also, the values given on line B-E designate the differ¬ 
ences in percentage of the desired and the low amounts of the controlling 
element in the mixture. Any straight line joining a point oh A-C with 
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a point on B-E will divide the base line in proportion to the distances 
laid off on A-C and B-E. The application of this graphical method will 
be shown in the solution of the following problem. 



Problem 7: 

Find the proportion of each of two lots of pig iron containing 2.88 and 
1.34 per cent silicon to obtain 2.26 per cent silicon in the mixture. 

First subtract the desired silicon content of the mixture from the 
silicon content of the higher-silicon pig iron; locate this value on the 
line A-C. Then subtract the silicon content of the lower-silicon pig 
iron from the desired silicon content of the mixture; locate this value 
on the line B-E. Now join the point on the line A-C with the point 
on the line B-E. The intersection of this diagonal line with the base 
line will proportion the total amount of pig iron in one charge into two 
divisions corresponding to the proportions of high- and low-silicon pig 
iron in the mixture. 

THE USE OF CHARTS FOR ESTABLISHING METAL MIXTURES 

f To facilitate the rapid and accurate determination of the metal 
charges for the cupola, charts can be used from which the quantities of 

■*•1— --v~i. im nknxrroo Aon kn win A Tn 
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order to illustrate this method for establishing the weights of metals in 
the charges for the melting furnace, the following conditions are assumed. 



9§ 8 . 8888 S SS?S S 
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PERCENTAGE Of SILICON IN LOW-SILICON PIG IRON 

Fig. 109.—Chart for Metal Mixtures 

Iron castings having a silicon content of 1.65 per cent are required. 
Each metal charge contains 1,000 pounds of scrap iron and 1,000 pounds 
of pig iron. The average silicon content of the scran iron is 1 Kfi wr 
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As the total metal mixture must have an average silicon content of 1.83 
per cent, the pig-iron mixture which makes up one-half of each metal 
charge will contain an average of 2.10 per cent silicon. The curves 
on the chart in Fig. 109 have been plotted to obtain all possible com¬ 
binations of any lots of pig iron which will have an average silicon con¬ 
tent of 2.10 per cent. Using this figure as the origin, decreasing per¬ 
centages of silicon are laid off on the base line toward the right. Each 
lot of high-silicon pig iron is represented by a curve. On the left side 
of the chart, the weights of scrap iron and pig iron for every possible 
mixture are arranged in columns. 

The correct mixture for two lots of pig iron is found by starting with 
the point on the base line which corresponds to the silicon percentage in 
the low-silicon pig, and following the vertical line to the intersection of 
the curve which represents the percentage of silicon in the high-silicon 
pig; and from this point of intersection, the horizontal line is followed 
to the columns at the left where the exact weights of scrap iron, low- 
silicon pig iron, and high-silicon pig iron are indicated. 

As an example: Two lots of pig iron are on hand containing 1.80 per 
cent and 2.30 per cent silicon. Point A on the chart in Fig. 109 is the 
intersection of the line for the low-silicon pig and the curve for the high- 
silicon pig. The horizontal line through this point indicates that a full 
charge will contain 1,000 pounds of scrap iron, 400 pounds of low- 
silicon (1.80 per cent) pig iron, and 600 pounds of high-silicon (2.30 per 
cent) pig iron. If three or more lots of pig iron are to be used in a 
charge, the mixtures are derived for two lots at a time, and then any 
proportions of the separate mixtures can be combined to give the full 
charge. 

In the preparation of metal-mixing charts, it is first necessary to 
determine the silicon content required in the pig-iron mixtures. This 
is derived from the desired analysis of the castings, the proportion of 
scrap to be used, and the average analysis of the scrap. The weights of 
all possible combinations of the metals are placed in columns at the 
left, and the silicon contents of the low-silicon irons are arranged along 
the lower edge of the chart. It will then be necessary to plot separately 
a curve for each of the high-silicon irons. The use of metal-mixing 
charts simplifies the practice and saves time in calculating the metal 
charges for the cupbla**! 

METAL CHAISES FOR OTHER MELTING FURNACES 

The procedure used 1 in calculating the metal charges for the air fur¬ 
nace and the electric furnace is about the same as that for the cupola 
furnace. However the changes in the composition of the metal between 
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charging and pouring vary with the different melting processes. The air 
furnace is operated with a strongly oxidizing atmosphere, and this con¬ 
dition causes a loss factor for silicon of about 30 per cent and a loss factor 
for manganese of about 40 per cent of the total amounts of these elements 
charged. When metal mixtures for iron castings are melted in an elec¬ 
tric furnace, an increase in silicon is sometimes obtained, a condition 
brought about by the reduction of silicates from the lining of the furnace. 

FORM FOR RECORDING DATA ON METAL CHARGES 

The complete information on the materials used in each metal charge 
for the melting furnace should be recorded for the use of the furnace 
operator; a form for this purpose is given in Table V. An analysis of 

Table V 

Record of Metal Mixtures 

Heat No. Date. 


Number of Charges. Class of Castings 


Material 

Weight, 
Lb. per 
Charge 

Silicon, 

Manganese, 

Sulphur, 

Phosphorus, 


Cf 

/o 

Lb. 

% 

Lb. 

% 

Lb. 

% 

Lb. 

% 

Lb. 

Foundry Iron Scrap.... 












Purchased Iron Scrap. . 












Purchased Steel Scrap.. 












Ferro-Alloy. 












Pig Iron, Pile. 












Pig Iron, Pile. 












Pig Iron, Pile. 












Total Charge. 












Average Composition. . 












Changes in Composition 












Computed Analysis. . .. 












Check Analysis. 

. : . . -1 





_A_ 




f' 



the metal from each heat should be made to detect errors in the com¬ 
putations or irregularities in the melting practice. 
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REVIEW QUESTIONS 

I 

What determines the proportion of scrap metals which may be used in cupola 
charges? 

II 

What changes take place in the composition of metal mixtures which are 
melted in the cupola furnace? 


Ill 

How is the loss factor for silicon obtained? 


IV 

What alloys are used in introducing nickel to cast iron? 

V 

Describe three forms in which chromium may be added to cast iron. 

VI 

Calculate the weight in pounds of each of the materials used in one metal 
charge having a total weight of 3,200 pounds. The metal mixture will 
contain 25 per cent of steel scrap, 25 per cent of returned foundry scrap, 
and the remainder of pig iron. Heavy machinery castings will be pro¬ 
duced. The following analyses will be assumed: 



Silicon 


% 

Desired analysis of castings 

1.40 

Pig iron, pile A. 

2.90 

Pig iron, pile B. 

2.06 

Steel scrap... 

0.30 


Manganese Sulphur Phosphorus 

% % % 

min. 0.50 max. 0.09 max. 0.50 
0.84 0.04 0.50 

0.62 0.05 0.53 

0.50 0.05 0.05 
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VII 

If a manganese content of 0.90 per cent is required in the castings, with other 
conditions as in the problem above, how much ferromanganese contain¬ 
ing 80 per cent manganese must be added to each ladle holding 2,000 
pounds of metal? 

VIII 

Determine the weights of materials to be used in a metal mixture of 2,000 
pounds for steam-cylinder castings. Each metal charge will contain 20 
per cent of steel scrap and 30 per cent of returned foundry scrap. Ferro¬ 
manganese will be added in the form of briquets to the cupola charges. 
Assume that the briquets contain 60 per cent of manganese, and that 
25 per cent of the manganese from this source is lost by oxidation. 


Material 

Castings required.... 

Steel scrap. 

Pig iron, pile A. 

Pig iron, pile B. 


Silicon 

Manganese 

% 

% 

1.70 

0.90 

0.30 

0.60 

2.75 

0.60 

1.50 

0.50 


Sulphur Phosphorus 

% % 

max. 0.09 max. 0.40 
0.05 0.04 

0.04 0.35 

0.04 0.40 


IX 

How much ferromanganese containing 80.0 per cent manganese must be added 
to a ladle holding 1,000 pounds of metal to raise the manganese content 
from 0.40 to 1.00 per cent? 

X 

How much “F” nickel shot containing 92.5 per cent nickel must be added 
to 500 pounds of cast iron to obtain 1.50 per cent nickel in the total metal 
mixture? 

XI 

On a graph which is designed for metal charges of 800 pounds, determine the 
weights of metal from two lots of pig iron containing 2.74 per cent and 
: 1.98 per cent silicon for a mixture having an average content of 2.26 per 

* cent silicon. 

XII 

Prepare a chart for metal mixtures to contain 10 per cent of steel scrap, 30 
per cent of returned foundry scrap, and the remainder of pig iron. The 
castings must have a silicon content of 1.80 per cent. The range of 
silicon in the pig iron is from 1.00 to 3.50 per cent. 






CHAPTER XI 


MALLEABLE IRON CASTINGS 

COMPOSITION OF THE METAL—MELTING PRACTICE—MOLDING 
PRACTICE—ANNEALING PRACTICE— Preparation for Annealing—Annealing 
Period— FINISHING PRACTICE—PRINCIPLES OF THE ANNEALING 
TREATMENT—PROPERTIES OF MALLEABLE CAST IRON—USES OF 
MALLEABLE IRON CASTINGS 

Malleable iron castings are produced from special metal mixtures 
which are melted in furnaces, cast to desired shapes in sand molds, and 
later heat treated to obtain high strength and ductility. The chemical 
composition must be such that the metal in the castings will solidify 
as white cast iron. If any graphite flakes (primary graphite) form dur¬ 
ing the cooling of the metal from the molten state, these particles will not 
be affected by the subsequent annealing treatment, and they will remain 
as a source of weakness in the finished castings. The annealing treat¬ 
ment consists of heating the white iron castings for a definite length of 
time at the desired temperature, and cooling at a limited rate so as to. 
obtain as final constituents only iron, known as ferrite, and free carbon 
designated as temper carbon. 

COMPOSITION OF THE METAL 

The chemical composition of the metal influences to a large degree 
the mechanical properties of malleable cast iron. The manufacturing 
process for malleable iron requires that the castings be produced with 
all of the carbon in the combined state, and that finally the carbon be 
converted entirely to the free state. The two factors which control the 
condition of the carbon in iron castings are the rate of cooling and the 
composition, chiefly silicon content, although the ratio of the silicon to 
the total carbbn is an important consideration. Castings with thick 
sections cool, more slowly than castings with thin sections, and slow 
cooling favors the separation of graphite. Therefore, graphite will be 
produced more readily in castings with heavy sections than in castings 
having light sections, 
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A high silicon content promotes the separation of free carbon in the 
metal as cast, and a low silicon favors the retention of carbon in the 
combined state. Furthermore, a low total carbon content causes the 
carbon to be retained in the combined state. It is now apparent that 
silicon and carbon must be chosen which will permit the presence of 
combined carbon in the castings as cast, and also assist in the develop¬ 
ment of free carbon when the castings are annealed. As a rule, the 
silicon content of the metal for large castings is somewhat lower than 
that required for castings with relatively thin sections. The average 
practice is to use a silicon content, of 0.80 to 0.95 per cent for large cast¬ 
ings and 0.95 to 1.10 per cent for castings with light sections. 

All the carbon in the castings is finally converted into particles of 
temper carbon, which decrease the strength and ductility of the metal; 
therefore, it is desirable to have the carbon content as low as possible. 
With the carbon below 2.20 per cent, casting difficulties arise due to the 
high freezing temperature of the metal. A carbon content within the 
range of 2.20 to 2.50 per cent is generally obtained in air-furnace metal 
for malleable iron castings. 

Sulphur tends to retard the graphitizing of the carbon in cast iron 
during annealing. Hence a low percentage of sulphur is preferred in the 
metal for malleable iron castings. As a rule, the sulphur content is not 
greater than 0.10 per cent. 

Manganese should be present in sufficient amount to combine with 
all the sulphur. A high manganese content prevents the complete 
graphitizing of the carbon during the annealing treatment. This ele¬ 
ment usually does not exceed 0.40 per cent. 

Phosphorus has little effect on the properties of malleable cast iron 
until it is present in excess of 0.20 per cent. A greater proportion of 
phosphorus will decrease the shock-resisting property of the metal. 

The average composition of air-furnace iron for malleable iron cast¬ 
ings is as follows: total carbon 2.20 to 2.50 per cent, silicon 0.80 to 1.10 
per cent, manganese less than 0.40 per cent, sulphur less than 0.10 per 
cent, and phosphorus 0.10 to 0.20 per cent. 

MELTING PRACTICE 

Air furnaces are used in most of the foundries where malleable iron 
castings are produced. The construction and operation of air furnaces 
are described in Chapter V. (See Fig. 73 in Chapter V.) With this 
type of furnace, accurate/eontrol of the carbon as well as of the other 
elements in the metal can be obtained befcbre ^pouring. The furnace 
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charges usually contain from 30 to 40 per cent of pig iron, 45 to 50 per 
cent of returned foundry scrap, and the remainder of purchased malle¬ 
able iron or steel scrap. The average capacity of air furnaces used for 
malleable iron is 20 tons of metal in each heat; this amount of metal is 
melted and superheated in about 5 hours with powdered coal as fuel. 

The cupola furnace is also used for melting the metal for malleable 
iron castings. At some plants the molten metal from the cupola is 
superheated to higher temperatures either in an air furnace or in an 
electric furnace before being poured into the molds. A typical metal 
mixture for the cupola consists of 15 per cent of low-phosphorus pig 
iron, 35 per cent of steel scrap, and 50 per cent of returned foundry 
scrap. Cupola furnaces are used chiefly at those plants where the main 
product is malleable iron pipe fittings. 

MOLDING PRACTICE 

The preparation of the molds for malleable iron castings requires 
more attention than is necessary for gray iron castings. This is caused 
by the high freezing temperature, and the high contraction of the metal 
from which malleable iron castings are produced. Because the initial 
freezing temperatures of the iron-carbon alloys are higher as the carbon 
content decreases, white cast iron with a total carbon of 2.50 per cent 
will solidify more rapidly than gray cast iron with 3.50 per cent of car¬ 
bon. In order to have an adequate range of temperature for pouring, 
the metal is superheated in the air furnace to about 2900 degrees F. 
Consequently the materials used in the preparation of the molds must 
be very refractory. The molds for malleable iron castings are usually 
made of green sand because these molds allow the greatest freedom for 
the metal to contract. A permeability of about 30 and a minimum 
green strength of 4.5 lb. per sq. in. in compression are desired for the 
molding sand used in this practice. 5 All cores are made with sand 
binders which permit the metal to contract freely when cooling. Special 
care is taken to remove the slag from the metal by means of strainers 
and traps in the gates. 

The difference between the linear dimensions of white iron castings 
and the patterns from which the molds were prepared is about f in. 
per ft. In the malleablizing treatment for these castings, the metal 
expands because of the separation of free carbon. The net contraction 
usually allowed on patterns for malleable iron castings is ^ in. per ft. 
To prevent defects caused by contraction or shrinkage in white iron 
castings, “blind risers” or “shrink bobs” are provided in the molds 
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adjacent to heavy sections. The location of shrinkage cavities is also 
controlled to some extent by the use of cast-iron chills in the molds. 

ANNEALING PRACTICE 

The metal for malleable iron castings in the condition as cast is very 
hard and brittle. To obtain the desired ductility, the constitution of 
the metal is changed by a heat treatment which consists of heating the 
castings for a sufficient length of time at the proper temperature and 
cooling at the desired rate. 

Preparation for Annealing 

As soon as the castings are removed from the molding floor, the 
gates are broken off, and the surfaces of the castings are cleaned in 
tumbling mills or by blasting. After these operations, the castings are 
placed in cast-iron boxes, either with or without a packing material of 
sand, crushed fire brick, and slag. The main purpose of the packing 



Courtesy of Whiting Corporation 

Fig. 110.—Annealing Ovens 


is to support the castings so as to prevent warping during the annealing 
period. The boxes are formed from a series of rings with a base and 
cover, and all joints are plastered with fire clay to prevent excessive 
oxidation of the contents. After the boxes are filled, they are placed in 
ovens of the intermittent or continuous type which are thoroughly 
insulated to prevent too rapid cooling when the fuel supply is shut off. 
The capacity of one oven as illustrated in Fig. 110 is 12 tons of castings. 
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Pyrometer couples are located at several points within the ovens to 
assist in the control of temperatures during the malleablizing treatment. 

Annealing Period 

After the boxes are placed in the oven and the door is sealed; heat is 
supplied as rapidly as possible until a temperature of 1600 degrees F. is 



Fig. 111.—White Cast Iron, X100 

The white constituent is free cernentite, and the dark constituent ia pearlite. 


reached. When powdered coal is used as the fuel, the initial heating 
requires from 20 to 40 hours. The temperature of the oven is held at 
1600 degrees F. for an additional period of 40 to 50 hours; then the oven 
is allowed to cool at the rate of 5 to 10 degrees per hour. When the 
temperature drops below 1275 degrees F., the door is opened and the 
boxes are removed as soon as they can be handled. Allowing 48 hours 
for cooling and 24 hours for packing and shaking out the castings, the 
total time for annealing will require from 6 to 7 days. The annealing 
time may be decreased by employing special furnaces which allow the 
castings to be heated rapidly without packing material and to be cooled 
at the most favorable rates throughout the entire cooling range. 
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FINISHING PRACTICE 

After the boxes have been removed from the annealing oven, the 
castings are separated from the packing material and are transferred to 
the cleaning room. Any excess metal on the surfaces where gates have 
been attached to the castings is removed by grinding. The cleaning 
process also includes tumbling and blasting. Castings which are 



Fig. 112.—Malleable Cast Iron, X100 

The white grains are ferrite, and the black particles are temper carbon. 


slightly warped are straightened at this stage in dies under a drop ham¬ 
mer or in a press. 

PRINCIPLES OF THE ANNEALING TREATMENT 

The complete annealing or malleablizing process requires heating 
the white iron castings to a definite temperature, holding at this tem¬ 
perature for the correct length of time, and cooling at a sufficiently slow 
rate to produce the desired constituents in the castings. The .metal as 
cast contains approximately 73 per cent of pearlite and 27 pet cent of 
free cement ite. These constituents are shown on the micrograph in 
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Fig. Ill; the light-colored constituent is cementite and the dark con¬ 
stituent is pearlite. It is important to adjust the composition of the 
metal for malleable iron castings so that no graphite separates during 
the solidification or initial cooling of the castings. The changes in the 
constitution of the metal during the heating and cooling periods of the 
annealing treatment will now be considered. 

When the temperature of the castings reaches 1400 degrees F., the 
pearlite is changed completely to austenite, and the free cementite is 
gradually dissolved in the austenite as the temperature increases. 
Because the solubility of cementite in austenite is greater than the solu¬ 
bility of free carbon in austenite, some free carbon will gradually sep¬ 
arate in the form of temper carbon. This process of dissolving cementite 
and precipitating carbon continues until a state of equilibrium is reached 
for any temperature. All free cementite must be dissolved at this stage 
of the annealing treatment. A total time of 48 hours at 1600 degrees F. 
is satisfactory in commercial practice. 

When the castings are cooled slowly in the furnace, additional 
carbon separates, a condition caused by the decreased solubility of 
carbon in austenite as the temperature lowers. Finally, the remaining 
carbon is precipitated at temperatures near to, but below, the critical 
range, because of the low solubility of carbon in the ferrite. If the 
cooling is too rapid, cementite and pearlite will be formed in the metal, 
the presence of which will defeat the purpose of the annealing treat¬ 
ment. The cooling rate as used in commercial practice is from 5 to 
10 degrees per hour until the temperature drops below 1275 degrees F. 
The characteristic structure of malleable cast iron is shown in Fig. 112; 
the white grains of irregular shape are ferrite and the black particles 
are temper carbon. 


PROPERTIES OF MALLEABLE CAST IRON 

One of the distinguishing properties of this type of cast iron is its 
ductility, which* is expressed as the percentage elongation of standard 
tensile test specimens. This property is due to a structure of soft and 
ductile ferrite, which is interrupted to some extent by particles of temper 
carbon. The ainount of deformation to which a malleable iron casting 
can be subjected without failure is shown in Fig. 113. 

The minimum values for the tensile properties of malleable cast iron 
as given in the specifications of the American Society for Testing Materials 
(refer to the Appendix) are as follows: 
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Grade 32510 Grade 35018 


Tensile strength, lb. per sq. in. 50,000 53,000 

Yield point, lb. per sq. in. 32,500 35,000 

Elongation in 2 in., per cent. 10.0 18.0 


The tensile properties are obtained from specimens cast to the dimen¬ 
sions given in the standard specifications. The average modulus of 
elasticity of malleable cast iron in tension is 25,000,000 lb. per sq. in. 
The reduction of area is usually not determined on the cast-to-size 
specimens. With material of standard quality, this property will be 
about 20 per cent of the original area of the test specimens. When 
subjected to loads in compression, malleable cast iron acts as other 
plastic materials; no definite point of failure is indicated, but the metal 
continues to deform as the 
load is increased. 

When it is necessary to 
heat a malleable iron cast ing 
for the purpose of changing 
its shape, or for other 
reasons, the effects of high 
temperatures on the prop¬ 
erties of this metal should 
be considered. If the maxi¬ 
mum temperature to which 
the casting is subjected does 
not exceed 1350 degrees F., 
the micro-constituents will 
not be changed, and the 
physical properties will be the same before and after heating. On the 
other hand, when a malleable iron casting is heated above 1350 degrees F. 
and cooled relatively rapidly, the ductility of the metal will not be 
regained. The hardness and brittleness of the metal will increase with 
the length of time and the temperature of heating. The normal tensile 
strength of malleable iron is retained at temperatures up to 800 
degrees F., but above this temperature the strength decreases rapidly. 
The elongation of the metal is also practically constant up to 800 
degrees F., and then rises sharply. 2 

USES OF MALLEABLE IRON CASTINGS 

Because of their favorable strength, ductility, and machinability, 
malleable iron castings are used for parts of automobiles, fittings for 
railroad cars, parts for agricultural implements, pipe fittings, industrial 



Courtesy of Malleable Iron Research Institute 
Fig. 113. —Malleable Iron Casting Before 
and After Cold Bending 
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machinery, and building hardware. A group of malleable iron castings 
is shown in Fig. 114. This material is particularly adapted to parts 
having shapes too complicated for economical production by forging 



Courtesy of Saginaw Malleable Iron Company 

Fig. 114.— Malleable Iron Castings 


processes, but which must possess a combination of strength and duc¬ 
tility which is not attainable in gray iron castings. 
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REVIEW QUESTIONS 


I 

What materials are used in the metal mixtures for malleable iron castings? 


II 


What are the main divisions of the process for the manufacture of malleable 
iron castings? 


Ill 


State the limits in the composition of the metal for malleable iron castings 
and the reasons for these limits. 


IV 

Account for the differences in the molding practice for gray iron and malle¬ 
able iron castings. 

V 

Outline the changes in the constitution of the metal during the annealing 
period. 

VI 

On the basis of their micro-constituents, account for the differences in the 
physical properties of white cast iron and comx>letely malleablized iron. 

VII 

What determines the size of castings which can be made of malleable cast iron? 


VIII 

Account for the difference in the cost of producing malleable iron castings 
and gray iron castings. 

IX 

Describe the procedure for measuring the properties of malleable cast iron. 


X 


Explain the advantages of malleable cast iron over other materials for 
machine parts. 


XI 


What effects are produced when malleable iron castings are heated to 500 
degrees F., and 1500 degrees F., followed by rapid cooling? 
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STEEL CASTINGS 

PRINCIPLES OF STEEL MAKING—OPEN-HEARTH STEEL— Acid Open- 
Hearth Practice—Basic Open-Hearth Practice— ELECTRIC FURNACE STEEL— 
Direct-Arc Furnace—High-Frequency Induction Furnace— CONVERTER STEEL 
—CRUCIBLE STEEL—MOLDING AND POURING PRACTICE—CLASSIFI¬ 
CATION AND PROPERTIES OF CAST STEEL— Carbon Steel—Alloy Steel- 
Nickel Steels—Chromium Steels—Manganese-Molybdenum Steels—Vanadium 
Steels—Austenitic Manganese Steel—Corrosion- and Heat-Resisting Alloys 


In all modern industrial developments the trend is towards larger 
loads, increased power, higher speed, greater reliability, and longer 
service. These demands can be met only by the use of superior mate¬ 
rials for the construction of industrial equipment. Because of its high 
strength and ductility, as well as the possibility of unlimited variations 
in size and shape, cast steel is well adapted to many engineering uses. 
Furthermore, different combinations of mechanical properties can be 
obtained by changes in the composition of steel, or by the use of heat 
treatments. 

Steel is an alloy of iron and carbon produced completely in the liquid 
state by refining pig iron. When the metal is cast directly from the 
steel-making furnaces into the shapes in which it is finally to be used, 
the product is known as cast steel. The production of steel castings in 
the United States in 1931 classified as to processes of manufacture was 
as follows: open-hearth 387,415 net tons, electric 190,437 net tons, con¬ 
verter 10,972 net tons, and crucible 493 net tons. Each of these steel¬ 
making processes will be considered in the following discussion, but 
before describing the commercial processes, some attention will be given 
to the principles involved in the production of steel. 

PRINCIPLES OF STEEL MAKING 

Pig ironJs the raw material from which all the commercial forms of 
iron are originally produced. The chemical composition of pig iron 
includes considerable proportions of carbon, silicon, and manganese. In 
the remelting processes for iron castings, the amounts of the chemical 
elements in the cast metal remain about the same as in the pig iron. 
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However, as steel contains relatively small percentages of carbon and 
silicon, the amounts of these elements must be decreased in the refining 
processes used in making steel. This change in composition is brought 
about by oxidizing reactions which cause the carbon to separate as a gas 
and the silicon and manganese to form oxides which collect in the slag. 
The presence of dissolved gases and iron oxide in the metal after the 
refining period produces an unfavorable condition which is corrected to 
a large extent by additions of ferromanganese and ferrosilicon to the 
molten steel. 

To understand the reactions involved in the production of steel, it is 
necessary to distinguish between acid practice and basic practice. These 
terms relate to the refractory materials used in the furnace linings, or 
to the compositions of the slags produced during the refining processes. 
At steel-making temperatures, certain otherwise inert substances have 
either an acid or basic character, and combine chemically with one 
another. An acid furnace lining is prepared with materials rich in silica 
(Si(> 2 ), whereas basic refractories contain magnesia (MgO). When 
limestone is used in the furnace charges, a basic slag is produced on the 
bath of metal within the furnace. During the refining period, the 
phosphorus in the metal is oxidized and the compounds of phosphorus 
combine with the basic slag. The sulphur content of the metal is also 
lowered to some extent. Basic slags are produced only in furnaces lined 
with basic refractories. Likewise, slags containing an excess of silica 
are produced only in furnaces lined with acid refractories. 


OPEN-HEARTH STEEL 

Open-hearth steel is used in about 65 per cent of the total production 
of steel castings in the United States. This process is generally used in 
the making of steel castings of large and medium size. The average 
capacity of open-hearth furnaces in steel foundries is 25 tons of metal. 
The open-hearth furnace has a bricked-in chamber surrounding a shallow 
hearth which is supported on a concrete foundation as shown in Fig. 115. 
At one side of the furnace, doors are provided for charging the materials 
on to the hearth. The opposite side has the tap hole, which is closed 
with refractory material until the steel is ready to be poured. The 
walls and roof of the furnace are held in place by steel plates and tie 
rods. 

The gaseous or liquid fuel and the air for combustion are supplied 
through ports at each end of the furnace. The hot gases pass over the 
entire length of the hearth and finally heat the brickwork in the regenera- 
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live chambers before passing to the stack. The direction of flow of the 
gases is reversed at regular intervals of about 20 minutes. The air for 
combustion is preheated by passing through the chambers which were 
previously heated by the outgoing gases. The regenerative chambers 
and the flues leading to the hearth are shown in Fig. 115. The hearth 
of the furnace is constructed of a number of courses of refractory bricks. 
When an acid lining is prepared, these bricks are of fire clay or silica 
and underlie a working bottom of silica sand which is originally about 
18 inches in thickness. In the preparation of a basic lining, a thick layer 



V ' ’ • • 

REGENERATIVE CHAMBERS 


Fig. 115. —Open-Hearth Furnace 


of ground magnesite is fused on to magnesite bricks. The upper part 
of the walls and the roof are built of silica bricks with intermediate 
courses of chrome bricks. 

Acid Open-Hearth Practice 

The pig iron and steel scrap used in the acid open-hearth furnace are 
always low in phosphorus and sulphur because these elements can not 
be removed in this refining process. Soon after the metal is melted, a 
slag forms on the surface of the bath. The silicon, manganese, and car¬ 
bon in the metal are removed by the action of the oxidizing gases in the 
furnace or by the slag which is made oxidizing with additions of iron 
ore. The oxides of silicon and manganese collect in the slag, and the 
oxide of carbon passes off as a gas. Before the metal is tapped from 
the furnace, ferromanganese and ferrosilicon are added to deoxidize the 
metal and to produce the desired composition in the steel. The melting* 
and refining of each heat of acid open-hearth steel require from 5 to 6 
hours. 
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Basic Open-Hearth Practice 

In the basic process, limestone is charged with the pig iron and steel 
scrap into the open-hearth furnace. At the end of the melting period, 
the limestone is completely changed to lime which combines with the 
oxides of silicon and manganese to form a basic slag on the bath of 
metal. Most of the phosphorus and some sulphur are taken up by this 
basic slag. Iron ore is then added to the bath to react with the carbon 
and to cause its removal to the extent desired. In order to deoxidize 
the metal, and also to obtain the correct amounts of manganese and 
silicon in the steel, ferromanganese and ferrosilicon are added to the 
furnace just before tapping, or are supplied to the metal as it is poured 
from the furnace. From 6 to 8 hours are required to make one heat of 
basic open-hearth steel. 

ELECTRIC FURNACE STEEL 

In 1931 about 32 per cent of the steel castings produced in the United 
States were made of electric furnace steel. Within recent years the 
electric furnace has been replacing other types of furnaces in steel foun¬ 
dries. On account of the low cost and availability of large quantities 


□□□ 



of steel scrap of excellent quality, the electric furnace is operated chiefly 
as a melting unit for charges of steel scrap. The metal is deoxidized 
and special alloys are added to obtain the desired analysis in the cast¬ 
ings. An acid lining is usually provided in the furnace because the 
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removal of phosphorus and sulphur from the metal is not necessary, and 
acid refractories cost less than basic refractories. 

Electric furnace steel is particularly satisfactory for the manufacture 
of small steel castings because the highly superheated condition of the 
metal permits it to flow readily into thin sections. The advantage of 
electric furnace practice lies in the possibility of obtaining high tem¬ 
peratures without introducing impurities from the fuel. Also, the oper¬ 
ating conditions can be more readily controlled in this practice than in 
any of the other steel-making processes. 

Direct-Arc Furnace 

The two types of furnaces which are employed in the steel foundry 
are the direct-arc furnace and the high-frequency induction furnace. 



The construction of a direct-arc furnace is shown in Fig. 116. This 
furnace has a heavy steel shell lined with refractories and a roof which 
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is prepared separately and replaced when necessary. Three electrodes 
connected to a three-phase alternating-current supply are supported 
externally and extend through the roof into the furnace. The arcing 
of the current is maintained automatically by lowering and raising the 
electrodes. An installation of a direct-arc furnace is illustrated in Fig. 
117. A charging door is provided at one side of the furnace, and a 
pouring spout is on the opposite side. This furnace is mounted so that 
it can be tilted for charging, slagging, or pouring. The capacities of 
electric arc furnaces used in steel foundries range from 1§ to 6 tons of 
metal in each heat. 


High-Frequency Induction Furnace 

The latest development in the adaptation of electric heat to steel 
melting is in the use of the high-frequency induction furnace. The 
construction of this furnace 
is shown in Fig. 118. A 
high-frequency alternating 
current is supplied to the 
water-cooled copper coil 
which surrounds the cruci¬ 
ble. The secondary current 
which is induced in the 
metal charge within the cru¬ 
cible produces the heat for 
melting and superheating 
the charge. A cold charge 
of metal can be melted rap¬ 
idly without contamina¬ 
tion from outside sources. 

After the metal is melted, 
the induced current causes 
a thorough stirring of the contents of the crucible. The capacities of 
industrial furnaces now in use range from 100 to 8,000 pounds of steel 
in each melt. These furnaces are operated with 960- or 1,000-cycle, 
single-phase generators in units of 150- to 1,200-kilowatt output. A 
modern installation of a high-frequency induction furnace used in the 
manufacture of alloy steel castings is shown in Fig. 119. The operation 
of this furnace is particularly advantageous because of the small metal 
losses during melting and the possibility of accurate control of the 
composition as well as of the temperature of the metal. 



Fig. 118. —Cross Section op High-Freqtjenct 
Induction Furnace 
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Courtesy of Ajax Electrothermic Corporation 

Fig. 119. —High-Frequency Induction Furnace 


CONVERTER STEEL 

The converter process which is used in steel foundries consists of 
melting mixtures of steel scrap and pig iron in a cupola and refining the 
molten metal in a converter. The construction of a side-blown con¬ 
verter is shown in Fig. 120. The shell is made of heavy steel plate and 
is supported on two standards so that it can be rotated to any position 
desired for charging and pouring the metal. A mixture of ganister, 
silica sand, and fire clay is rammed into place to form the lining. When 
the converter is in operation, air is supplied from a blower through the 
hollow trunnion into the tuyere box. 

The charges for the cupola usually contain from 30 to 60 per cent of 
steel scrap and the remainder of pig iron. The metal from the cupola 
contains about 1.60 per cent silicon and not over 0.60 per cent man¬ 
ganese. The: oxidation of silicon, manganese, and carbon furnishes the 
heat for the refining process. The cupola which is used for melting the 
metal for the converter is* operated in the same way as in gray iron 








CONVERTER STEEL 


209 


practice. At the beginning of operations, it is necessary to preheat the 
lining of the converter. The molten metal is transferred from the 
cupola in a large ladle and is poured directly into the converter. After 
the converter is tipped to the correct angle, air is supplied from a blower 
at a pressure of less than 6 lb. per sq. in. The length of time for blowing 
is from 15 to 30 minutes, the end of the blowing period being judged by 
inspecting the flame issuing from the mouth of the converter. The 
amount of steel produced in each heat is about 2 tons. 

The molten metal as it leaves the converter contains no silicon or 




manganese, and only a small percentage of carbon. It is necessary to 
deoxidize the metal by ferromanganese and ferrosilicon, which are added 
in the converter or are preheated in the ladle into which the metal is 
poured from the converter. These alloys are supplied in sufficient 
amounts to provide the desired content of manganese and silicon in the 
metal. Carbon is increased by the carbon content of the ferro-alloys 
or by adding powdered coke to the metal in the ladle. 

Converter steel is produced at very high temperatures, and is there¬ 
fore well adapted to the pouring of thin and intricate castings, As the 
large losses of metal by oxidation both in the cupola (about 5 per cent) 
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and in the converter (about 10 per cent) have handicapped this process, 
converters have been replaced by electric furnaces in many steel 
foundries. 

CRUCIBLE STEEL 

The crucible process is the oldest and simplest of the methods for 
producing steel. In this process, steel is made by melting accurately 
proportioned mixtures of wrought iron and/or steel scrap, charcoal, and 
ferro-alloys. The crucibles, which are heated in a regenerative gas-fired 
furnace, hold from 50 to 100 pounds of metal. The charges remain in the 
covered crucibles until all the deoxidizing reactions are completed, and 
the metal becomes quiet; then the crucibles are taken from the furnace 
and the steel is poured. 

The high quality which can be obtained in crucible steel is due to 
the control of the composition and the temperature of the metal in the 
process, as well as to the freedom from the influence of oxidizing gases. 
This steel is particularly suited to the production of small castings 
requiring special physical properties. Less than one-tenth of one per 
cent of the total tonnage of steel castings produced in the United States 
is made in crucibles. 


MOLDING AND POURING PRACTICE 



As steel is poured at high temperatures (about 2,900 degrees F.) 
very refractory sand mixtures must be used in the molds for steel 

castings. Furthermore, the 
permeability of the molding 
sand must be high to permit 
the rapid removal of the 
gases which are formed at 
the high temperatures within 
the molds. A quartz sand of 
relatively large grain size (re¬ 
tained on 100-mesh sieve) is 
mixed with a small proportion 
of fire clay or bentonite and 
usually some additional binder 
such as molasses or gelatinized 
starch. These mixtures are 
prepared in mechanical mixers 
of the muller type as shown in 
Fig. 121. Water is added 
during thfc mixing operation 
to obtain the desired plasticity. 


Fig. 


Courtesy of National Engineering Company 

121.—Muller-Type Sand Mixer 
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Green-sand molds are generally used for steel castings having light 
sections and intricate designs because these molds offer less resistance 
than dry-sand molds to the normal contraction of the metal. Two 
types of sand mixtures are commonly used in making green-sand molds, 
namely facing sand and backing or heap sand. A layer of finely sifted 
facing mixture prepared from old sand, new sand, and additional bond¬ 
ing material is placed next to the pattern when the molds are made. 
The backing sand is usually taken from the heaps of old sand and is 



^Courtesy of Drying Systems, Inc. 

Fig. 122.—Mold Drying Oven 


used to fill the flasks back of the facing sand. The following properties 
are desired in the synthetic sand mixtures used in the steel foundry: 

Facing Backing 
Sand Sand 

8 to 10 4 to 6 

140 to 180 180 to 220 

To maintain the desired permeability of the molding sand, the fine 
material which gradually accumulates in the sand is removed by screen- 


Strength in compression, lb. per sq. in... 
Permeability.... 
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ing or air separation. As a rule, the fine inert material and bond are 
kept below 10 per cent of the weight of the sand. 

Because of their greater rigidity and resistance to the cutting action 
of the metal, dry-sand molds are often used for steel castings with heavy 
sections and plain designs. These molds are made from mixtures of 
silica sand and fire clay or bentonite, together with small proportions of 
sand binders such as molasses, drying oils, or gelatinized starch. A 

refractory coating usually of 
powdered silica held in suspen¬ 
sion in a solution of molasses 
and water is often applied to 
the mold surfaces. After the 
molds are finished, they are 
placed in ovens where they are 
heated until all moisture is 
removed and the bonding mate¬ 
rial has hardened. A large mold 
drying oven is shown in Fig. 122. 

On account of the high 
shrinkage of steel, many risers 
are provided in the molds to 
supply extra metal to the heavy 
parts of the castings. (See Fig. 
84 in Chapter VI.) Further¬ 
more, large gates are used on 
steel cast ings because the metal 
solidifies at high temperatures, 
and small openings would freeze 
too quickly. In order to 
strengthen intersecting mem¬ 
bers of castings, it is common practice in steel molding to cut away 
the sand in certain parts of the mold to form brackets on the castings. 
The brackets solidify earlier than the sections which they join and 
thereby serve as strengthening ribs during the cooling of the foetal. 

Molten steel is transferred in large ladles from the furnace directly 
to large molds or to other parts of the foundry where it is poured into 
hand ladles for distribution to small molds. The bottom-pouring ladle 
used for steel has a nozzle made of fire clay and graphite through which 
the metal is discharged. The flow of metal is regulated by a lever and 
a rod to which a stopper made of fire clay and graphite is attached. The 




Fig. 123. —Teapot-Spout Ladle 
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steel rod has a covering of refractory material to insulate it from the 
heat of the molten metal which surrounds it. Another design of 
ladle which is often used in steel foundries has a teapot spout as 
shown in Fig. 123. The metal can be poured from this ladle without 
disturbing the cover of slag which collects above the metal. 

CLASSIFICATION AND PROPERTIES OF CAST STEEL 

The two main groups of steels used in castings are carbon steels and 
alloy steels. The properties of carbon steels are related directly to the 
percentages of carbon which they contain, whereas the properties of 
alloy steels are dependent upon the presence of metallic elements other 
than those found in carbon steels or upon a considerable increase in 
either silicon or manganese. The bulk of the steel castings produced in 
the United States is made of carbon steel, although alloy steels are being 
employed in increasing amounts for uses in which high strength as well 
as resistance to shock and wear are important. 

Carbon Steels 

The elements found in carbon steels are iron, carbon, manganese, 
silicon, sulphur, and phosphorus. The amounts of these elements and 
their effects on the qualities of cast steel will now be considered. The 
range of carbon in most carbon steel castings is from 0.18 to 0.45 per 
cent, although castings for special purposes are made with the carbon 
below and above these limits. As the carbon content increases, the 
tensile strength and yield strength are raised, but the percentage elonga¬ 
tion and reduction of area are lowered. For most structural purposes, 
steel with a high ductility (above 18 per cent elongation) is preferred, a 
condition which limits the maximum percentage of carbon in cast steel. 

The manganese content of carbon steel castings is within the range 
of 0.5 to 1.0 per cent. The beneficial effect of this element lies in deox¬ 
idizing the liquid steel, which results in improving the mechanical prop¬ 
erties of the metal. 

In alT the processes for making steel, silicon is used as a deoxidizer 
or cleanser of the metal, and is added in sufficient quantity to provide 
a residual content of 0.20 to 0.75 per cent in the cast steel. 

Specifications for steel castings generally limit the sulphur content 
to a maximum of 0.06 per cent. An excessive proportion of sulphur 
results in the formation of constituents which cause cracks in steel 
castings. 
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As a rule, the phosphorus in steel for castings does not exceed 0.05 
per cent. When present in larger amounts, this element causes a 
decrease in the shock-resisting property of cast steel. 

The structure of carbon steel in the condition as cast is shown on 
the micrograph in Fig. 124. The large grains of ferrite and pearlite are 
formed during the slow cooling of the steel in the sand molds. To 
decrease the grain size and thereby improve the mechanical properties, 
carbon steel castings are usually heated throughout to 1650 degrees F. 
and cooled in the furnace or in air at room temperature. The structure 
of cast steel after the annealing treatment is shown in Fig. 125. Other 
heat treatments such as quenching in oil or water and subsequent tem- 



Fig. $24. —Cast Carbon Steel, X100 

With large grains as caste * White constituent is ferrite. Dark constituent is pearlite. 


pering may be used when greater hardness than that obtained by 
annealing is required. 

Many combinations of mechanical properties can be obtained by 
changes in carbon content or by using different heat treatments. In 
the standard specifications for carbon steel castings ( A.8.T.M. Designa¬ 
tion: A27-24) given in the Appendix, two classes based on chemical com- 
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position, and three grades based on tensile properties, are specified for 
different kinds of service. The following average properties are obtained 
with cast carbon steel containing 0.25 per cent carbon: 

Quenched 

and 



As Cast 

Annealed 

Tempered 

Tensile strength, lb. per sq. in. . . 

... 65,000 

70,000 

80,000 

Yield point, lb. per sq. in.. 

... 35,000 

40,000 

50,000 

Elongation in 2 inches, per cent. . . 

20 

30 

20 

Reduction of area, per cent. 

30 

45 

30 

Brinell hardnesss. 

. .. 140 

130 

160 



Alloy Steels 

For some uses of steel castings, combinations of properties superior 
to those obtainable in plain carbon steels are required. The addition 
of special elements to steel for castings has resulted in improvements in 
yield strength and ductility, as well as resistance to shock and wear. The 
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alloying elements used most generally, either singly or in combinations, 
are nickel, chromium, molybdenum, vanadium, and manganese. Nickel 
and molybdenum, as they are not readily oxidized, may be supplied in 
the furnace charges. Chromium and manganese are usually added to 
the furnace a short time before the heat is tapped. Vanadium is often 
placed in the stream of metal entering the ladle because it is oxidized 
rapidly. A few of the most widely used alloy steels for castings will be 
described in the following paragraphs. 

Nickel Steels.—Nickel occurs chiefly in solid solution in the ferrite 
and causes an increase in the tensile strength of steel without decreasing 
its ductility. Nickel steels are used in locomotive castings, ship cast¬ 
ings, rolling-mill machinery, bridge castings, and for other purposes. 
The ranges of composition for these steels are as follows: carbon, 0.20 to 



Courtesy of General Steel bastings Corporation 

Fig. 126. —Locomotive Bed of Cast Alloy Steel 


0.30 per cent; nickel, 2.00 to 2.25 per cent; manganese, 0.80 to 1.00 per 
cent; silicon, 0.25 to 0.40 per cent; phosphorus and sulphur*, less than 
0.05 per cent. Castings made of these steels are heated to 1650 
degrees F., cooled in air, and tempered at 1200 degrees F. The prop¬ 
erties obtained after heat treating are as follows: 


Tensile strength, lb. per sq. in. 90,000-105,000 

Yield point, lb. per sq. in. 55,000- 65,000 

Elongation in 2 inches, per cent. 28-22 

Reduction of area, per cent. 55-42 


Chromium Steels. —Chromium combines with carbon to form car¬ 
bides which increase the hardness and strength of steel. The chromium 
steels are used for wear-resisting parts of machines, such as sprockets 
and sheaves. The carbon content of these steels is usually between 0.35 
and 0.45 per cent, and the chromium between 0.50 and 0.90 per cent, 
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although for some uses the chromium may be as high as 3.00 per cent. 
The tensile properties obtained with cast steel containing 0.38 per cent 
carbon and 0.81 per cent chromium, after it is cooled in air from 1650 
degrees F. and tempered at 1250 degrees F., are as follows: 


Tensile strength, lb. per sq. in. 97,000 

Yield point, lb. per sq. in. 55,000 

Elongation in 2 inches, per cent. 19 

Reduction of area, per cent. 30 


Manganese-Molybdenum Steels. —Steels which contain both man¬ 
ganese and molybdenum as alloying elements have high yield strength 
and resistance to shock, and retain high strength at elevated tempera¬ 
tures. A high manganese insures good deoxidation of the steel, and the 
molybdenum tends to inhibit grain growth. The usual range of com¬ 
position is 0.30 to 0.40 per cent carbon, 1.00 to 1.75 per cent manganese, 
and 0.20 to 0.40 per cent molybdenum. Large castings made with these 
alloy steels are heat treated by cooling in air from a temperature of 1650 
degrees F. and tempering at 1250 degrees F. The tensile properties 
obtained after heat treating are about as follows: 


Tensile strength, lb. per sq. in. 96,000 

Yield point, lb. per sq. in. 68,000 

Elongation in 2 inches, per cent. 26 

Reduction of area, per cent. 58 


Vanadium Steels. —The influence of vanadium in steel is to decrease 
the grain size and to produce a more uniform structure throughout large 
sections. Castings for the construction of locomotives and other heavy 
machinery, which require resistance to shock and vibration, are often 
made of vanadium steel. The composition of this steel is as follows: car¬ 
bon, 0.30 to 0.40 per cent; vanadium, 0.16 to 0.20 per cent; manganese 
0.80 to 1.00 per cent; silicon, 0.25 to 0.30 per cent; phosphorus and sul¬ 
phur, less than 0.05 per cent. The castings with large and irregular 
sections are heated to 1800 degrees F., cooled in air, and tempered at 
1250 degrees F. The following minimum properties are obtained with 
cast vanadium steel after heat treating: 


Tensile strength, lb. per sq. in. . . .. 95,000 

Yield point, lb. per sq. in.65,000 

Elongation in 2 inches, per cent. 18 

Reduction of area, per cent. 30 
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Austenitic Manganese Steel. —A special manganese steel, which has 
a high tensile strength, together with extreme toughness and great 
resistance to wear, was invented by Robert A. Hadfield in 1882. The 
usual composition of this alloy steel is 1.00 to 1.40 per cent carbon, 11 
to 14 per cent manganese, 0.30 to 1.00 per cent silicon, less than 0.05 per 
cent sulphyr, and less than 0.06 per cent phosphorus. Manganese steel 
is produced in a basic-lined open-hearth or electric furnace, or by the 
addition of ferromanganese to molten metal from the converter, open- 
hearth, or electric furnace. When the ferromanganese is supplied to 
molten steel in the ladle, it is melted separately and is added in the pro¬ 
portion which will give the desired composition in the castings. The 
micro-constituents in the metal after the castings cool in the molds are 
austenite and free cement ite. The presence of cement it e causes the 
metal to be very hard and brit tle. To bring about t he complete solution 
of the cementite and thus obtain only austenite, the castings are heated 
to 1850 degrees F. and quenched in cold water. After this heat treat¬ 
ment, the steel is non-magnetic. 

All holes which are needed in assembling manganese steel castings 
are made by cores in the molds because it is practically impossible to 
drill this material. The shrinkage of manganese steel is very high, about 
YV inch per foot. As the ductility of the metal is low before heat treat¬ 
ing, and as the quenching treatment without tempering may cause high 
stresses in some parts of castings, special attention should be given to 
the design, as well as to the molding, for manganese steel castings. 

The tensile strength of cast manganese steel after being heat treated 
is over 100,000 lb. per sq. in., and the elongation in a 2-inch gage length 
is from 15 to 35 per cent. Test specimens of this material are cast nearly 
to size and are finished by grinding. When manganese steel is heated 
to temperatures above 700 degrees F., the superior qualities of this 
metal are impaired and can be regained only after another heat treat¬ 
ment. 

The surface hardness of austenitic manganese steel is increased rap¬ 
idly by cold working; this characteristic is of particular advantage in 
castings subjected to wear by a poii&ding or rolling action. Some typical 
castings made of manganese steel are: the plates for rock crushers; frogs, , 
crossings, and switches for railroad tracks; dipper teeth and lips for 
excavating machinery; and gears, racks, and sheaves for many purposes. 

Corrosion- and Heat-Resisting Alloys.—Castings containing large 
percentages of the alloying elements are often produced in steel foundries 
where suitable melting equipment and other facilities are available. 
The most extensively used alloys for resisting corrosion and high tem- 
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peratures contain chromium and/or nickel. The chromium alloys are 
quite stable in atmospheres containing oxidizing and sulphur-rich gases 
at high temperatures. However, the strength and ductility of these 

Table VI 


Corrosion- and Heat-Resisting Alloys 


Alloy 

Carbon, 

% 

Chromium, 

% 

Nickel, 

Of 

/o 

Max. Temp., 
Degrees F. 

A 

0.30 Max. 

17-21 


1600 

B 

0.25-0.50 

26-30 


2000 

C 

0.15 Max. 

18-22 

8-10 

1800 

D 

0.30 Max. 

26-30 

8-12 

2000 

E 

0.60 Max. 

14-17 

34-37 

2000 


alloys are decreased at high temperatures because large grains are formed 
in the metal. An improvement in the tensile properties of the special 
alloys is obtained by combining nickel with chromium. The ranges of 



Courtesy of Lebanon Steel Foundry 

Fig. 127.— Alloy Steel Cartings for Valves 
18% Chromium, 8% Nickel, Carbon 


the special elements in a few of the most widely used alloys for resisting 
corrosion and high temperatures are given in Table VI. Other elements 

in these alloys are: manganese from 0.25 to 0.75 per cent; silicon, up to 

’■< • 
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2 per cent; sulphur, less than 0.05 per cent; phosphorus, less than 0.05 per 
cent; and iron making up the remainder. 

Alloys A and B in Table VI are resistant to attack by some acid 
solutions and are employed in equipment for chemical plants. Castings 
of these alloys are heat treated mainly to relieve stresses. Alloy C has 
good mechanical properties and resists corrosion under many conditions. 
All castings made of this alloy are heat treated by quenching in water 
after heating to temperatures above 1900 degrees F. Typical applica¬ 
tions of alloy C include parts for pumps, valve bodies (see Fig. 127), 
equipment for dairies, marine fittings, and ornamental work. Alloy D 
is used in castings which are required to resist the corrosive action of 
solutions handled in the chemical industries. These castings are not 
heat treated. Alloy E is particularly satisfactory for resisting oxidation 
at high temperatures and is used in carburizing boxes and furnace parts. 
No specific alloy is suited for all corrosion- and heat-resisting purposes. 
The selection of a cast metal for a definite application must be based 
upon all of the operating conditions. 
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REVIEW QUESTIONS 


I 

What changes in the composition of the metal take place during the refining 
of pig iron in the steel-making processes? 

II 

Explain the meaning of acid practice and basic practice as related to steel 
making. 

III 

Describe the construction of the furnace and outline the practice for producing 
basic open-hearth steel. 

IV 

Discuss the operation of two types of electric furnaces used in the steel 
foundry. 

V 

State the average capacities of the different steel-making furnaces. 


VI 

Explain the differences in molding practice for steel castings and iron castings. 

VII 

State the range of composition of cast carbon steel. 


VIII 

On the basis of its micro-constituents, account for the properties of carbon 
steel as cast. 

IX 

Compare the tensile properties of carbon steel and one alloy steel after heat 
treating. 

X 

State the important physical properties of austenitic manganese steel. 


XI 

Specify the composition of a heat-resisting alloy. 

XII 

State the composition of an alloy cast steel for resisting corrosion. 



CHAPTER XIII 


NON-FERROUS METAL CASTINGS 

CONSTITUTION OF ALLOYS—PREPARATION OF ALLOYS—MELTING 
EQUIPMENT— Crucible Furnaces—Metal-Pot Furnaces—Direct-Fired Furnaces 
—Electric Furnaces —Detroit Rocking Furnace—Ajax-Wyatt Induction Furnace— 
Ajax-Northrup Induction Furnace—EQUIPMENT FOR MEASURING TEMP- 
ERATURES—MELTING LOSSES—MOLDING PRACTICE—COPPER CAST¬ 
INGS— Melting Practice —BRASS CASTINGS — Yellow Brass — Red Brass — 
Manganese (Bronze)- -BRONZE CASTINGS —Gun-Metal—Phosphor Bronze- 
Aluminum Bronze— ANTI-FRICTION ALLOYS —Copper-Base Bearing Metals — 
Tin-Base Bearing Metals—Lead-Base Bearing Metals—Cadmium-Base Bearing 
Metals —ALUMINUM ALLOY CASTINGS— Aluminum Casting Alloys- Aluminum- 
Copper Alloy—Aluminum-Silicon Alloy— Foundry Practice- MAGNESIUM ALLOY 
CASTINGS —Magnesium Casting Alloy—Foundry Practice DIE-CASTING 
ALLOYS—“MONEL METAL"—SUMMARY OF THE NON-FERROUS ALLOYS 

The physical and chemical requirements of metal castings are seldom 
obtainable with the separate metals; hence it is generally necessary to 
combine two or more elements to procure the desired properties. Com¬ 
binations of metallic elements or of metallic with non-metallic elements 
are known as alloys when the constituents are completely dissolved in 
the liquid state and do not separate into distinct layers when solid. 
The properties of alloys are often quite different from those of the 
metals from which they were prepared and therefore cannot be predicted 
from the properties of the separate metals. 

The non-ferrous casting alloys of greatest industrial importance con¬ 
tain copper, aluminum, zinc, lead, tin, nickel, antimony, and magne¬ 
sium. These metals are purchased for foundry use in a relatively pure 
form known as primary metals, or in combinations of the metallic ele¬ 
ments known as ingot metal. The latter product is usually obtained 
by melting and purifying scrap metals (secondary metals), and adjusting 
the composition to conform to definite chemical specifications. Some 
producers of ingots for foundry use prepare the desired alloys from 
primary metals and market the product as special composition ingots. 

Specifications for many of the non-ferrous metals and their alloys 
have been established by the American Society for Testing Materials and 
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are available in the publications of that society. An extensive list of 
non-ferrous alloys may be found in Vol. 30 (1930), Part I, of the Proceed¬ 
ings of the American Society for Testing Materials. Only a few compo¬ 
sitions in each class of these important alloys will be described in this 
chapter, and attention will be given to the characteristic effects of the 
chemical constituents on the properties of the alloys. 


CONSTITUTION OF ALLOYS 

The physical properties of alloys are dependent directly upon the 
proportions and form of their micro-constituents. Furthermore, the 
constituents of the alloys are controlled by the chemical composition, as 
well as the heating and cooling conditions to which the alloys have been 
subjected. The types of constituents which may be present in alloys 
are: (1) pure metals; (2) chemical compounds; and (3) solid solutions of 
one metal in another, or of a compound in a metal. Eutectics, which are 
formed of combinations of pure metals, compounds, or solid solutions, 
are also found in the non-ferrous alloys. The different types of con¬ 
stituents have characteristic qualities which determine the various prop¬ 
erties of the commercial alloys. As a rule, the pure metals are relatively 
soft and are of value chiefly in combination with other types of con¬ 
stituents. Chemical compounds are usually hard, and the hard con¬ 
stituents have an important function in the structure of anti-friction 
alloys. Solid solutions possess favorable mechanical properties. Many 
of the non-ferrous alloys which have high strengths are composed of 
solid solutions. Eutectics have low melting points and because of this 
property serve some useful purposes. 

PREPARATION OF ALLOYS 

The general procedure for preparing alloys is to melt the metal which 
forms the greater part of the alloy, and then to add the other metals in 
the order of their decreasing melting points. This procedure is used in 
producing the copper-base alloys. When an alloy is required with a 
large proportion of one metal and a small proportion of another, it is 
most satisfactory to combine equal weights of the two metals and to add 
this alloy in the correct ratio to the predominant metal. This practice 
is usually employed in preparing the aluminum casting alloys. As a 
rule, the furnace charges contain scrap metals, including gates and risers 
from previous heats, some ingot metal, and sufficient primary metals to 
obtain the desired composition for the castings. 
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MELTING EQUIPMENT 

The temperatures at which most of the non-ferrous metals and alloys 
melt are lower than the melting temperatures of those alloys in which 
iron is the chief constituent. The data presented in Table XV in the 
Appendix give the melting points of the metallic elements and some 
alloys. It is apparent that widely varying temperatures are required 
in melting the different metals and alloys for castings. This has resulted 
in the utilization of many types of melting furnaces for the non-ferrous 
metals and their alloys. The following outline classifies these industrial 
furnaces into three groups based on their construction or operation. 

I. Stationary type Crucible furnace. 

Metal-pot furnace. 

Reverberatory furnace. 

Cupola furnace. 

II. Tilting type. Crucible furnace. 

Metal-pot furnace. 

Reverberatory furnace. 

Barrel furnace. 

III. Rocking type Barrel furnace. 


The metal is removed from a stationary furnace by lifting the crucible 
from the furnace, by dipping the molten metal from a pot in the furnace, 
or by tapping the metal from a hearth within the furnace. With those 
designs which provide some means for tilting the furnace, the metal is 



Fig. 128 .—Cross Section op Stationary 
^^^Grucible Furnace 


usually poured into ladles 
for distribution- to the 
molds. The rocking type 
of furnace has been devel¬ 
oped to promote thorough 
mixing of the metals 
within the furnace, as well 
as to obtain the transfer 
of heat from the walls of 
the furnace to the metal. 

In the following discus¬ 
sion on melting equipment 
for the non-ferrous metals 
and alloys, indirect-fired 
furnaces are described as 
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crucible furnaces and metal-pot furnaces. The direct-fired furnaces 
include the reverberatory furnace, the barrel furnace, and the cupola 
furnace. Three types of electric furnaces are described for melting the 
copper-base and nickel-base alloys. 

Crucible Furnaces 

All the non-ferrous metals and their alloys can be melted within 
graphite crucibles which are heated in furnaces of the stationary or tilt¬ 



ing types. With the design of furnace shown in Fig. 128, the crucible is 
lifted out by tongs and is transferred to the molds for pouring. The 
tongs are inserted through the top of the furnace after removing the 
cover. Crucible furnaces of the stationary type are often arranged 
in pits below the level of the foundry floor. Other designs of stationary 
rurnaces provide for raising the shell and lining so that the crucible can 
be picked up with the aid of a shank which has an opening in the side as 
illustrated in Fig. 129. 

In another type of crucible furnace shown in Fig. 130, the crucible is 



Fig. 130. —Tilting Crucible Furnace 


held in position while its contents are removed by tilting the furnace. 
The molten metal is transferred from the tilting crucible furnace to the 
molds in carrying ladles. The crucible furnace is well adapted to the 
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melting of a variety of alloys in relatively small batches. By using 
separate crucibles for different compositions of alloys, the possibility 
of contamination is eliminated. 

The fuels used for crucible melting are anthracite coal, coke, oil, and 
gas. With this indirect method of heating, it is possible to prevent the 
products of combustion from coining in contact with the metal. In 

those furnaces using coal or 
coke, the crucible rests on 
the fuel bed, and in the gas- 
fired and oil-fired furnaces 
the crucible is supported 
on a block of refractory 
material. The construction 
of a gas-fired furnace which 
has a movable shell is illus¬ 
trated in Fig. 131. The 
burners for gaseous or liquid 
fuels are placed so that the 
flames enter at a tangent 
and encircle the entire cru¬ 
cible on their way to the 
outlet. 

The standard sizes and 
capacities of graphite cru¬ 
cibles are listed in Table 
XVIII in the Appendix. It 
is important that the cru¬ 
cibles be kept in dry storage 
and be preheated slowly to 
temperatures above 250 de¬ 
grees F. before being exposed 
to the high temperatures 
Fig. 131 .— Crucible Furnace U8e d in melting. The num¬ 

ber of heats which can be 
obtained with one crucible depends upon the alloys which are melted 
as well as upon the care given to the handling of the crucible. Under 
favorable conditions it is possible to melt in a single crucible three heats 
of nickel, or twenty-five heats of copper, or forty heats of bronze, or 
sixty heats of the white-metal alloys. 
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Metal-Pot Furnaces 

The alloys of aluminum, magnesium, antimony, zinc, lead, cadmium, 
and tin can be melted in a metal pot. Because the metal pot conducts 
heat more readily than a graphite crucible, the metal container is pre¬ 
ferred for melting those alloys which have relatively low melting points. 
The metal pot is supported by its rim in a stationary furnace as shown in 
Fig. 132. Combustion of the 
gas or oil fuel takes place in 
the space between the pot and 
the furnace wall. The product s 
of combustion are discharged 
through a flue, and do not come 
in contact with the metal which 
is being melted in the pot . 

The method of transferring 
the metal from the pot in a 
stationary furnace is to dip a 
hand ladle into the molten metal 
and to deliver this to the molds. 

When a furnace of the tilting 
type is used, the metal is easily poured from the melting pot into 
carrying ladles. The pot is usually made of cast iron or steel and has 
an average capacity of 400 pounds of metal. A cast-iron pot will last 
for about sixty heats of the aluminum alloys. 


METAL POT 



Fig. 132. —Cross Section of Stationary 
Metal-Pot Furnace 


Direct-Fired Furnaces 

The furnaces in which the non-ferrous metals are melted and super¬ 
heated in direct contact with the products of combustion from the fuel 
include the reverberatory furnace, the barrel furnace, and the cupola 
furnace. These open-flame furnaces are economical as to fuel consump¬ 
tion; however, they are not favorably adapted to the melting of alloys 
containing a large proportion of zinc. The reason for this is that the 
loss of zinc by volatilization at high temperatures is increased with a 
greater flow of gas through the furnace. 

Reverberatory furnaces are used in foundries where large quantities 
of metal are required in each melt. These furnaces may be of either the 
stationary or tilting types. A reverberatory furnace has a hearth lined 
with fire bricks and an arched roof from which the heat is reflected to the 
metal on the hearth. Oil, gas, or powdered coal supplied through bum- 
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ers located on one or more sides of the furnace furnishes the heat for 
melting. 

The barrel furnace has a cylindrical steel shell which is mounted 
horizontally on trunnions and is lined with refractories around the circum¬ 
ference and over a portion of the ends. The tilting- or rocking-type 
furnace is provided with a central door for charging and pouring the 
metal. In the double-chamber furnace shown in Fig. 133, the metal in 



Fig. 133. —Cross Section of Double-Chamber Barrel Furnace 
(Monarch Design) 


one half of the furnace is preheated while the metal in the other half is 
being melted and superheated. 

At some foundries where castings of the non-ferrous metals are pro¬ 
duced in large quantities, the cupola furnace has been found to be 
advantageous for melting copper alloys having a low zinc content. This 
method of melting requires a good quality of coke and a low blast pres¬ 
sure for combustion. A lining of silicon carbide refractories is usually 
provided in these furnaces. The metal is tapped from the cupola and 
is delivered to the molds in hand ladles. 

Electric Furnaces 

On account of the possibility of accurate control of all melting condi¬ 
tions, electric furnaces are employed at many foundries where non- 
ferrous metal castings are produced. The low melting losses and the 
superior quality of the molten metal compensate to some extent for the 
higher cost of electric heat over the cost of solid, liquid, or gaseous fuels. 
Electric furnaces of the indirect-arc type as well as of the induction type 
are suited to the melting of alloys high in copper or nickel, whereas the 
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induction type is particularly adapted to the melting of alloys containing 
large proportions of zinc. 

Detroit Rocking Furnace. —This furnace has a cylindrical steel shell 
lined with refractories. (See Fig. 75 in Chapter V.) The shell is 
mounted in a horizontal position on rollers, and can be rocked through 
any desired angle by automatic control equipment. The heat for melt¬ 
ing is produced by an electric current arcing between two carbon elec¬ 
trodes which pass through the ends of the furnace. After the metal 
charge becomes melted, the shell is rocked until the desired amount of 
superheat is obtained. This movement of the shell makes possible the 
conduction of heat from the furnace lining to the metal. The opening 
for the charging door and pouring spout is cut through the shell on 
the side of the furnace. 

Ajax-Wyatt Induction Furnace. —In the Ajax-Wyatt electric 
furnace, heat is derived by the resistance offered to an induced 
current in the liquid metal within 
the furnace. The drawing in Fig. 

134 shows the interior construction 
of this furnace. An alternating 
current at regular power-line volt¬ 
age is supplied to the primary coil 
A of the transformer B which is 
built into the furnace. This causes 
an induced current to flow through 
the liquid metal C which serves 
as the secondary coil of the trans¬ 
former. The amount of heat 
developed within the metal of 
the bath is dependent upon the 
voltage impressed on the furnace 
transformer. Thus the tempera- f IGi 134 — Cross Section of Ajax- 
ture of the metal can be controlled Wyatt Induction Furnace 

as desired. 

The operation of the Ajax-Wyatt furnace requires some liquid metal 
in the melting channel at all times. During short, inactive periods, a 
residual charge of metal is kept in the liquid state, or a priming charge 
of molten metal is supplied when the furnace is put into service after 
being idle for a long time. The electromagnetic forces set up by the 
large currents in the secondary circuit cause a circulation of liquid metal 
within the furnace. Metals in the form of chips, turnings, clippings of 
thin sheets, and wire can be melted readily with low oxidation losses in 
this furnace. 
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The pouring capacities of Ajax-Wyatt furnaces range from 400 to 
"2,200 pounds of metal per heat. A typical installation is shown in Fig. 
135. With normal operation, the power required for melting 1 ton of 
red brass is approximately 250 kw.-hr. As the refractory lining of this 
furnace is not subjected to extremely high temperatures, the life of a 
lining is well over 1,000 heats. Furthermore, the time required in melt- 



Courtesy of Ajax Electric Furnace Corporation 

Fig. 135. —Electric Induction Furnace 


ing is relatively short because the heat is generated directly within the 
bath of metal. 

Ajax-Northrup Induction Furnace.—The Ajax-Northrup high-fre¬ 
quency or coreless induction furnace is a recent development in crucible 
melting. With this equipment, the metal charge within the crucible is 
heated by its resistance to an electric current induced from a winding 
around the outside of the crucible. (See Fig. 118 in Chapter XII.) The 
effect pf the induced current is to cause an agitation of the molten metal, 
which assures thorough alloying of the metallic elements. The various 
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compositions for brass and bronze castings can be melted satisfactorily 
in a furnace of this type. Ajax-Northrup melting furnaces are being 
used with capacities from a few pounds up to 4 tons of metal. 

EQUIPMENT FOR MEASURING TEMPERATURES 

It is generally recognized that the close control of the melting and 
pouring temperatures is necessary to obtain the most favorable proper¬ 
ties in the non-ferrous alloys. The avoidance of overheating and strict 
adherence to the correct pouring temperatures for these metals will aid 
in obtaining castings of good quality. A thermoelectric pyrometer is the 
most satisfactory means for determining the temperatures of molten 
copper alloys and aluminum alloys. This equipment consists of two 
wires which form the thermocouple and an instrument which measures 
the electromotive force generated within the thermocouple circuit. As 
a rule, the thermocouple is made of nickel-aluminum wire (2 or 4 gage) 
and nickel-chromium wire (6 or 8 gage). One end of each of the wires 
is connected to the instrument, and the other two ends are immersed in 
the molten metal. The couple wires are insulated to within \ inch from 
the ends so that the hot junction of the couple will be below the surface 
of the metal. Only a few seconds are required to determine the tem¬ 
perature of the metal in a crucible or ladle. 

MELTING LOSSES 

One of the factors which contribute to the cost of melting the non- 
ferrous alloys is the loss of metal caused by oxidation and volatilization 
of the elementary constituents of the alloys. The extent of this loss is 
dependent upon the composition of the alloy, as well as upon the con¬ 
struction and operation of the furnace. Alloys which contain large 
proportions of zinc, tin, or lead are particularly subject to high melting 
losses. As a rule, these losses are greater in furnaces of the open-flame 
type than in furnaces in which the products of combustion of the fuel 
do not come in direct contact with the metal being melted. Further¬ 
more, the loss of metal will be increased by extending the time during 
which the metal is held in the molten condition and by heating the alloys 
to excessive temperatures. The total loss encountered in melting the 
alloy containing 85 per cent copper and 5 per cent each of lead, tin, and 
zinc in an open-flame furnace will often amount to 4 per cent of the 
weight of the metal charged. When this alloy is melted in a crucible 
furnace, the melting loss may be less than 1 per cent of Its original 
weight. 
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MOLDING PRACTICE 

In general, the molding practice for the production of castings of the 
non-ferrous metals is about the same as that used for iron castings. 
However, the non-ferrous alloys have in common some characteristics 
which are ordinarily taken into account in the preparation of molds for 
these metals. 

The sands used for making molds for castings of the non-ferrous 
metals have relatively small grains because these metals are very 
fluid at their pouring temperatures and tend to seep into the pores 
of the sand; this property is especially characteristic of phosphor bronze 
and alloys having a high lead content . In most cases, smooth surfaces 
are required on the castings, a condition made possible by the use of 
molding sand of small grain size. 

Special care in molding is necessary to avoid shrinkage cavities and 
cracks in castings of the non-ferrous metals because most of these metals 
contract to a large extent when cooling from the molten state. To pre¬ 
vent defects, many risers are provided in the molds. Furthermore, the 
cores used in these molds are prepared from materials which allow free 
contraction of the metal when it solidifies and cools around the cores. 
Relatively little pressure is produced in molds for the light casting alloys 
because of their low specific gravity. Therefore, these molds must be 
well vented to permit rapid and complete filling of all parts. 

COPPER CASTINGS 

Copper castings are used chiefly for equipment in which high elec¬ 
trical conductivity is an essential property. The presence of small 
amounts of phosphorus, aluminum, iron, tin, antimony, or zinc lowers 
the electrical conductivity of the metal. Therefore, it is usually desired 
to have the copper as pure as possible in castings for electrical purposes. 

The difficulties encountered in producing sound copper castings are 
due to the tendencies of this metal to oxidize while in the molten state 
and to absorb gases which are evolved when the metal solidifies. These 
undesirable conditions can be minimized by holding the molten metal 
for the shortest possible time, and by pouring the metal at the lowest 
temperature which will permit filling of the molds. The addition of an 
active deoxidizer such as silicon copper assists in producing clean cast¬ 
ings. Pure cast copper coiitracts considerably on cooling, and for this 
reason special care is required in molding to avoid cracked castings and 
shrinkage cavities within the castings. 
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Melting Practice 

Pure copper is melted in a graphite crucible as rapidly as possible 
under a thick layer of charcoal. Soon after the copper has melted, an 
alloy containing 15 per cent silicon and 85 per cent copper is added to 
the metal in the proportion of 2 ounces of silicon-copper to 100 pounds 
of ingot copper. As silicon-copper is lighter than the molten copper in 
the crucible, it is necessary to stir the metal well after adding this deoxi¬ 
dizer. A clean graphite stirring rod is used for this purpose. The char¬ 
coal and dross are skimmed from the top of the metal before pouring. 

The physical properties of pure cast copper are as follows: yield 
strength about 8,000 lb. per sq. in.; tensile strength from 20,000 to 30,000 
lb. per sq. in.; elongation in 2 inches about 30 per cent; reduction of area 
about 40 per cent; and Brinell hardness 48 (with 500-kg. load). 

BRASS CASTINGS 

Brass is essentially an alloy of copper and zinc. Additions of zinc 
up to 40 per cent result in a continuous increase in the tensile strength 
and hardness of the copper-zinc alloys. On account of the difficulties in 
obtaining sound castings, and the tendency of zinc to volatilize, brass 
alloys containing over 40 per cent of zinc are not in general use in the 
foundry. Small proportions of other metals are usually added to the 
copper-zinc alloys to obtain desirable properties. The addition of lead 
up to 5 per cent of the weight of the alloy results in an improvement in 
the machinability of the metal in the castings. Tin increases the 
strength and hardness of brass and is used in amounts up to 5 per cent 
of the weight of the alloy. 

The chemical compositions of twenty copper-base alloys which have 
been established by the American Society for Testing Materials (Designa¬ 
tion: B30-36) are listed in Table XXV in the Appendix. The prop¬ 
erties of these alloys are also recorded in Table XXVI, but the properties 
are not a part of the standard specifications. 

Yellow Brass 

An alloy which is typical of the compositions used in making yellow 
brass castings is as follows: copper, 70.0 per cent; zinc, 25.0 percent; 
lead, 3.0 per cent; and tin, 2.0 per cent. A yield strength of 12,500 lb. 
per sq. in., a tensile strength of 31,000 lb. per sq. in., and an elongation 
of 27 per cent can be obtained with this alloy. Induction furnaces are 
most satisfactory for melting the yellow brass alloys used in castings 
for machine parts, ornamental fixtures, plumbing goods, and hardware. 
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Red Brass 

Alloys which contain a high percentage of copper together with 
approximately equal amounts of tin, lead, and zinc are known as red 
brasses. A typical analysis for red brass is 85 per cent copper, 5 per 
cent tin, 5 per cent lead, and 5 per cent zinc. This alloy is used exten¬ 
sively in sand castings which must have considerable strength and resist¬ 
ance to corrosion. The tin content contributes to the strength and 
hardness of the alloy. The presence of lead causes an improvement in 
the machinability of the metal. Zinc serves as a deoxidizer and facili¬ 
tates the casting of the alloy. The most favorable pouring temperature 
for red brass has been found to be 2100 degrees F. 12 The following 
properties can be expected in castings of this alloy: yield strength 18,000 
lb. per sq. in., tensile strength 30,000 lb. per sq. in., and percentage 
elongation about 18 per cent. 

Manganese (Bronze) 

The chemical composition of manganese bronze as specified by the 
American Society for Testing Materials (Designation: B54-27) is as fol¬ 
lows: copper, 60.0 to 55.0 per cent; zinc, 42.0 to 38.0 per cent; tin, 
maximum 1.5 per cent; manganese, maximum 3.5 per cent; aluminum, 
maximum 1.5 per cent; iron, maximum 2.0 per cent; lead, maximum 0.4 
per cent. As this composition is typical of brass alloys, the term bronze 
is incorrectly used in designating this material. The copper-zinc-man- 
ganese alloy possesses the very desirable combination of high strength 
and ductility as well as resistance to corrosion. It is used in machine 
parts such as lever arms, gears, and shafts. The standard specifica¬ 
tion for cast manganese bronze requires a minimum tensile strength 
of 65,000 lb. per sq. in. and an elongation of 25 per cent in a 2-inch 
gage length. 

In the preparation of manganese bronze for casting purposes, a 
hardener which contains the manganese, iron, and aluminum is melted 
with the copper, and the zinc is added in solid form to the molten alloy. 
In some cases, manganese bronze is purchased in the form of ingots for 
foundry use. Because this metal shrinks to a large extent when it solidi¬ 
fies, a sufficient number of risers must be provided to prevent cavities 
from forming within the castings. Manganese bronze is poured with mini¬ 
mum agitation, and at the lowest possible temperature (about 1950 
degrees F.) which will allow complete filling of the molds. 
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BRONZE CASTINGS 

Bronze is an alloy of copper and tin having properties which are 
dependent upon the proportions of these elements. The tensile strength 
and hardness of the bronze alloys are increased as the tin content is 
raised, but the ductility of tin* alloys decreases rapidly when the propor¬ 
tion of tin exceeds 12 per cent. The hard bronzes used in casting bells 
usually contain from 20 to 25 per cent tin. The presence of tin in 
amounts above 2 per cent of the weight of the* alloy increases its resist¬ 
ance to corrosion. 

Gun-Metal 

The bronze alloy containing 88 per cent copper, 10 per cent tin, and 
2 per cent zinc is known commercially as government bronze or gun- 
metal. This is an excellent casting alloy and is used in pipe fittings, 
pump pistons, gears, and other machine parts. The standard specifica¬ 
tion of the A merican Society for Testing Materials (Designation: BIO-18) 
for this alloy requires a minimum tensile strength of 30,000 lb. per sq. in. 
and a minimum elongation in 2 inches of 14 per cent. The zinc is added 
to deoxidize the copper-tin alloy and, because of this effect, makes pos¬ 
sible the production of sound castings. This metal is poured at tem¬ 
peratures within the range of 2050 to 2200 degrees F., depending upon 
the sections of the castings; the heavier the section, the lower should be 
the pouring temperature. 

Phosphor Bronze 

The copper alloys which contain from 8 to 12 per cent tin and 0.1 to 
1.0 per cent phosphorus are known as phosphor bronze. Phosphorus is 
usually added to the bronze in a commercial alloy containing 10 to 15 
per cent phosphorus and the remainder copper. The phosphor bronze 
alloys are particularly serviceable for highly stressed machine parts 
which must have the property of a bearing metal as well as great resist¬ 
ance to wear. The phosphorus acts as a deoxidizer and assists in pro¬ 
ducing castings free from porosity. A structure composed of hard con¬ 
stituents of copper tin and copper phosphide within a softer matrix of 
copper-tin solid solution gives to this metal its anti-friction characteris¬ 
tic. The desired degree of hardness may be obtained by adjusting the 
proportions of tin and phosphorus in the alloys. A phosphor bronze 
containing 10 per cent tin and 0.3 per cent phosphorus has a yield 
strength of about 25,000 lb. per sq. in., a tensile strength of about 35,000 
lb. per sq. in., and an elongation of about 8 per cent. Castings of phos* 
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phor bronze are used for boiler fittings, equipment for marine service, 
parts for pumps, and bearings subjected to heavy loads. 

Aluminum Bronze 

The properties which are responsible for the extensive use of alu¬ 
minum bronze are its high strength, favorable ductility, and good resist¬ 
ance to corrosion. The specifications of the American Society for Test¬ 
ing Materials (Designation: B59-28) give the following requirements as 
to the chemical composition for aluminum bronze: copper, 87 to 89 per 
cent; aluminum, 7 to 9 per cent; iron, 2.5 to 4 per cent; tin, maximum 
0.5 per cent; and other impurities maximum, 1.0 per cent. These speci¬ 
fications also include the following requirements as to physical properties 
of the alloys as cast: yield strength, minimum 25,000 lb. per sq. in.; ten¬ 
sile strength, minimum 65,000 lb. per sq. in.; and elongation in 2 inches, 
minimum 20 per cent. 

Some difficulties are encountered in casting the alloys known as 
aluminum bronze. The high solidification shrinkage of these alloys 
makes it necessary to provide adequate risers to feed the castings. 
Under some conditions, the molten metal will absorb gases which are 
evolved when the metal solidifies. A neutral or slightly oxidizing 
atmosphere has been found to be most suitable for melting these alloys. 
The presence of aluminum oxide in the metal can be kept to a minimum 
by preventing unnecessary agitation of the metal during melting and 
pouring. 

The procedure recommended by Strauss 8 for preparing aluminum 
bronze is first to melt the copper under a layer of charcoal, and then to 
deoxidize the copper by the addition of 0.1 to 0.2 per cent of manganese. 
Following this, one-half of the aluminum is added, then the iron, and 
finally the remainder of the aluminum. 

Because of its high strength and resistance to corrosion, aluminum 
bronze is used in castings for marine service, for pickling tanks, and 
for equipment in the chemical industries. This high-property metal is 
also used in gears, worm-wheel rims, and other parts of machines. 

ANTI-FRICTION ALLOYS 

The following extract from the “ Report of the Sub-Committee on 
Bearing Metals” of the American Society of Mechanical Engineers g 
explains the requirements of bearing metals. 

“The essential characteristic of all bearing alloys is a structure 

made up of alternately hard, and relatively soft microscopic particles 

intimately mixed. The function of the hard particles or bearing 
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crystals is to support the load and resist the wear. These bearing 
crystals should not be hard enough to prove distinctly abrasive to 
the journal surface. General experience shows that an extreme hard¬ 
ness of the bearing crystals is characterized by an excessive wear of 
the journal. The function of the softer or more readily abraded 
crystals is that of being plastic and permitting the bearing crystals 
to adjust themselves to surface requirements of the journal. These 
softer crystals are also more readily abraded, and therefore wear 
slightly below the surface of the bearing crystals and thus form 
slight depressions upon the bearing surfaces which serve for the 
retention of the lubricant. However infinitesimal in amount this 
may seem, nevertheless it is this lubricant that prevents scoring or 
seizing when the journal is starting up from rest at a time when 
actual metallic contact between the bearing surfaces exists. The 
same is equally true under an excessive load. This function of 
retaining a slight quantity of the lubricant upon the bearing surfaces 
when metallic contact exists, characterizes a bearing alloy in its 
truest sense. Therefore a bearing metal may be defined as an alloy 
that is capable of retaining a lubricant on a bearing surface.” 

From the definition of the requirements of bearing metals, it is 
evident that pure metals or combinations of metals which form solid 
solutions only are not suited for anti-friction service. On the other 
hand, it is essential that bearing alloys be composed of constituents 
having marked differences in their physical hardness and wearing 
qualities. 

The non-ferrous, anti-friction alloys may be classified into the follow¬ 
ing groups: alloys containing over 50 per cent of copper, known as 
copper-base bearing metals; alloys containing over 50 per cent of tin, 
known as tin-base bearing metals; alloys containing over 50 per cent of 
lead, known as lead-base bearing metals; and alloys containing over 50 
per cent of cadmium, known as cadmium-base bearing metals. Those 
alloys in which tin, lead, and cadmium are the predominating elements 
are designated as white-metal bearing alloys. They have the properties 
of high plasticity combined with low hardness and comparatively low 
melting point. Bearings of the white-metal alloys are produced by 
casting the metal against harder metal surfaces, whereas bearings of the 
copper-base alloys are first cast to shape, and then machined to the 
desired dimensions. The copper-base alloys are harder and stronger 
than the white-metals and are used for bearings which are required to 
resist heavier pressures. 
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Specifications for twelve grades of white-metal bearing alloys have 
been established by the American Society for Testing Materials . The 
chemical compositions of these standard alloys and also the physical 
properties obtained from them are presented in Table XXVII in the 
Appendix. 

Copper-Base Bearing Metals 

The chief constituents of the copper-base bearing metals are copper, 
tin, and lead. Tin combines with copper to produce hard alloys. The 



Fig. 136. —Copper-Base Bearing Metal. Unetched, X 100 

White background is copper-tin solid solution. Black spots are locations of lead particles. 


hardness and compressive strength of the copper-tin alloys increase with 
additions of tin as high as 30 per cent, although the ductility decreases 
rapidly when the tin content exceeds 12 per cent. Lead does not remain 
dissolved in the metal when it solidifies, but separates as minute globules 
throughout the metal. These small particles of lead are worn away on 
a bearing surface, and form pockets for the retention of oil. The lead 
content is usually within the range of 5 to 25 per cent of the weight of the 
metal. A typical composition of a bearing bronze which is used exten¬ 
sively for railroad car-journal bearings is 80 per cent copper, 10 per cent 
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tin, and 10 per cent lead. The micro-structure of this alloy is shown 
in Fig. 136. 

Tin-Base Bearing Metals 

The tin-base bearing metals are prepared from tin, antimony, and 
copper. In these alloys the tin serves as a plastic matrix in which the 
harder crystals of tin-antimony and copper-tin are embedded. (See 
Fig. 137.) Antimony causes an increase in the hardness of the alloys 
and is usually limited to a maximum of 18 per cent. The tin-base 



Fig. 137. —Tin-Base Bearing Metal. Etched, X 100 

Dark background is eutectic, principally of tin. Star-shaped, white crystals are copper-tin 
compound. Angular, white crystals are antimony-tin compound. 

alloys which contain a high percentage of antimony are suitable for use 
in bearings of heavy-duty machinery, whereas alloys with a low per¬ 
centage of antimony are well adapted for bearings for high-speed jour¬ 
nals. The chief advantage of a tin-base bearing metal over a high-lead 
composition is its greater resistance to repeated impacts or shock. The 
composition of the alloy designated as SA.E. No. 11 which is used for 
crankshaft bearings and connecting-rod bearings in internal-combustion 
motors is 86 per cent tin, 7^ per cent antimony, and 6| per cent copper. 
The pouring temperature for this alloy is about 800 degrees F. 
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Lead-Base Bearing Metals 

The principal elements in the lead-base bearing metals are lead, tin, 
and antimony. In these alloys the bearing crystals of antimony-tin 
compound are supported in a soft, plastic matrix of lead as is shown in 
Fig. 138. The tin content of the lead-base bearing metals is usually 
within the range of 5 to 10 per cent, and the antimony is from 10 to 15 
per cent of the weight of the metal. A composition which is used for 



Fig. 138. —Lead-Base Bearing Metal. Etched, X 100 

Dark background is eutectic, principally of lead. Angular, white crystals are antimony-tin 
compound. 


line-shaft bearings in manufacturing plants is 80 per cent lead, 5 per cent 
tin, and 15 per cent antimony. This alloy is poured in place at a tem¬ 
perature of 645 degrees F. 

Cadmium-Base Bearing Metals 

The cadmium-base bearing metals contain from 1.35 to 3.00 per cent 
nickel. It has been reported by Swartz and Phillips 10 that the cadmium- 
nickel bearing alloys have more favorable properties, especially at 
elevated temperatures, than the tin-base alloys. The compressive 
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strengths of the cadmium-base bearing alloys are greater than those of 
the tin-base alloys. Furthermore, the cadmium-base alloys are not 
brittle and will not injure a soft steel shaft. The constituents in cad¬ 
mium-base bearing metals are particles of the compound, NiCd 7 , in a 
matrix of a eutectic of cadmium and nickel-cadmium compound. 

ALUMINUM-ALLOY CASTINGS 

The mechanical properties and casting characteristics of commer¬ 
cially pure aluminum are not such as to recommend it for general casting 



Courtesy of Aluminum Company of America 


Fig. 139.--Aluminum Casting before Removing Risers and Gates 

purposes. However, certain alloys of aluminum possess valuable quali¬ 
ties when they are used in castings. The most important properties of 
the cast aluminum alloys are low specific gravity, resistance to corrosion, 
high thermal conductivity, and ease of machining. 

The choice of methods for casting the aluminum alloys depends 
upon the size and weight of the castings, the intricacy of the designs, and 
the number of castings required of each design. The sand-casting 
method is applicable to a wide range in size and weight of castings, as 
well as to designs which have complicated cores. A large aluminum 
casting with risers and gates attached is illustrated in Fig. 139. The 
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same casting after cleaning appears in Fig. 140. Large numbers of 
aluminum-alloy castings are produced by pouring the molten alloys at 



Courtesy of Aluminum Company of America 

Fig. 140.— Cast-Aluminum Crane Trolley 

Weight, 2,540 pounds. 


atmospheric pressure into metal molds. The die-casting method is best 
suited for the quantity production of aluminum-alloy castings in which 
extreme accuracy and superior finish are required. 

Aluminum Casting Alloys 

Although a large number of aluminum casting alloys have been 
developed, the majority of castings are produced from only a few stand¬ 
ard compositions. In the following discussion, two of the aluminum- 
base alloys which are used most widely will be described. However, 
other alloys of aluminum are available having higher mechanical prop¬ 
erties than can be obtained with the casting alloys which are in more 
general use. As a rule, the special alloys of aluminum depend upon 
heat treatment or a fluxing treatment to develop their superior proper¬ 
ties. These special alloys and modification processes are covered by 
patents. 

The standard specifications of the American Society for Testing 
Materials for aluminum-base alloy sand castings (Designation: B26-33T) 
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are given in the Appendix. These specifications include the chemical 
compositions and properties of nine aluminum-base alloys. 

Aluminum-Copper Alloy.— The addition of copper to aluminum 
causes an increase in the strength and hardness of the alloys. When 
the copper exceeds 8.5 per cent, the metal becomes too brittle for many 
uses. The aluminum alloy containing 7.0 to 8.5 per cent copper, 
0.8 to 1.2 per cent iron, and 1.0 to 1.5 per cent silicon is in general use 
for castings. The iron content strengthens the metal immediately after 
it solidifies, thereby preventing to a considerable extent the occurrence 
of cracks. Silicon promotes fluidity of the alloy, thus making it easier 
to cast. The tensile strength of this alloy, designated as alloy B in the 
A.S.T.M. specifications, is from 19,000 to 25,000 lb. per sq. in. and the 
elongation in a 2-inch gage length is from 1 to 2 per cent. 

Aluminum-Silicon Alloy. —The aluminum-silicon alloys remain fluid 
at relatively low temperatures and have low shrinkage on solidifying, 
which combination of properties favors the use of the aluminum- 
silicon alloys for casting purposes. These are among the most resistant 
to corrosion of all the aluminum alloys. The alloy vhich contains 
from 4.5 to 6.0 per cent silicon, with copper a maximum of 0.4 percent 
and iron a maximum of 0.8 per cent, is used extensively in sand castings. 
The physical properties obtained from test specimens of this alloy, 
designated as alloy J in the A.S.T.M. specifications, are as follows: 
tensile strength from 17,000 to 22,000 lb. per sq. in., and elongation in 
2 inches of 3 to 8 per cent. 

Foundry Practice 

The aluminum casting alloys have low strength at temperatures just 
after solidifying, and if free contraction of the metal is not permitted, 
cracks may be produced in the castings. Therefore, the sand molds 
must be relatively soft, and the cores must soften at low temperatures in 
order to obtain sound castings. 

The low specific gravity of the aluminum alloys makes extra venting 
necessary so that all gases can be removed rapidly from the molds. A 
molding sand having a small grain size is required for producing smooth 
surfaces on these castings. The properties of the molding sands for 
aluminum alloys depend upon the type of castings to be made; for small 
castings a compressive strength of 3 to 6 lb. per sq. in. and a permeability 
of 4 to 10 are ordinarily satisfactory; for large castings a compressive 
strength of 4 to 8 lb. per sq. in. and a permeability of 10 to 20 are usually 
necessary. The refractory property of sands for aluminum alloy cast- 
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ings is not as important as for metals which are poured at higher tem¬ 
peratures. 

The total contraction of the aluminum casting alloys is about 0.156 
inch per foot; this allowance is made on the patterns for aluminum alloy 
castings. A large number of risers are required to prevent the formation 
of shrinkage cavities within the castings. As a rule, aluminum castings 
are gated in a way such that the parts farthest from the gates will 
solidify first. Also, the gates are placed so that the metal will ehter the 
mold with a minimum of agitation. 

The aluminum alloys are prepared for casting by melting the metals 
in graphite crucibles or in cast-iron pots. As the fuel economy is rela¬ 
tively high with the iron pots, this equipment is ordinarily used for 
melting the aluminum alloys. It is necessary to have the inside sur¬ 
faces of the iron pots well coated with lime to prevent contamination of 
the aluminum by the iron. 

Copper and silicon are usually added to aluminum in the form of 
commercial alloys known as hardeners which contain 50 per cent of 
aluminum and 50 per cent of either copper or silicon. These alloys are 
readily soluble in molten aluminum. In the preparation of the casting 
alloys, pure ingot aluminum is first melted; then the correct weight of 
hardener is added to obtain the desired percentage of copper or silicon 
in the alloy. The aluminum casting alloys are also available in ingot 
form. Temperature measurements are made to insure proper control 
of melting and pouring conditions. The temperature of the metal is 
kept as low as possible (usually below 1400 degrees F.) and should not 
be raised above that required to pour the castings. A small amount of 
zinc chloride or ammonium chloride is often added to the molten metal 
to serve as a cleanser. The metal is stirred thoroughly, andls skimmed 
before pouring. The lowest temperature at which the molds will be 
completely filled is used in pouring; this is about 1320 degrees F. 6 A 
high pouring temperature causes an increase in the absorption of gases 
which may result in holes in the castings. Furthermore, a coarse grain 
structure is produced in the metal when it is poured at a high temperature, 
or when it has been heated to a high temperature previous to pouring. 

MAGNESIUM ALLOY CASTINGS 

Alloys of magnesium have been developed with physical and mechan¬ 
ical properties which make these alloys suited to many engineering uses. 
In all cases where strength in relation to weight is an important consid¬ 
eration, the magnesium alloys are particularly advantageous. Some of 
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the applications for which castings of the magnesium alloys are of special 
value are portable tools, the moving parts of machines, and transporta¬ 
tion equipment. These alloys are resistant to ordinary atmospheric cor¬ 
rosion and are easily machined. 

Magnesium Casting Alloy 

The commercial alloys of magnesium have been developed by The 
Dow Chemical Company and are known as “dowmetal.” Certain 
standard compositions have been established for specific uses. “Dow- 
metal” “H” which contains approximately 90.8 per cent magnesium, 



Courtesy of The Dow Chemical Company 

Fig. 141. —Magnesium Alloy Castings 


6 per cent aluminum, 0.2 per cent manganese, and 3 per cent zinc, is a 
casting alloy. This alloy in the condition as cast has a yield strength 
of 12,000 lb. per sq. in., a tensile strength of 27,000 lb. per sq. in., and 
an elongation of 6 per cent in 2 inches. 11 A group of magnesium alloy 
castings is shown in Fig. 141. 

Foundry Practice 

The magnesium alloys are purchased in ingot form and are melted in 
cast-steel pots at the foundry. A flux composed of magnesium chloride 
and sodium chloride is melted in the pot with the metal. This molten 
flux surrounds the metal and aids in protecting it from surface oxidation 
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and contamination. The molten alloy is transferred to the molds by 
hand ladles which have bottom-pouring spouts. Either green-sand or 
dry-sand molds are used, and many risers are provided to insure sound 
castings. A small amount of sulphur, boric acid, or ammonium fluoride 
is mixed with the molding sand to prevent surface oxidation of the 
castings in the molds. Gates having a large total area are necessary 
to permit rapid filling of each mold. Many small gates are preferred 
to a few large ones. 

DIE-CASTING ALLOYS - ^ 

Die castings are produced by forcing molten metal under high pres¬ 
sure into steel dies. After the metal has solidified, the castings are 
ejected from the dies. The equipment and methods used in making 
die castings have been described in Chapter III. Much attention has 
been given by manufacturers to the selection of alloys for modern die¬ 
casting practice. These materials may be classified into the following 
groups: 

I. Tin-Base Alloys! in which tin is combined with copper and anti¬ 
mony. These alloys have been described as tin-base bearing 
metals. Their principal uses are for high-grade bearings and 
in parts for food containers. 

II. Lead-Base Alloys, in which lead is combined with antimony, or 
with antimony and tin. The lead-base alleys are commonly 
used in low-priced die castings for applications where strength 
and other mechanical properties are unimportant. These 
alloys are also die-cast for bearing purposes. 

III. Zinc-Base Alloys, in which zinc is combined with copper, alu¬ 
minum, and magnesium. One of the alloys in this group 
contains 92.9 per cent high-grade zinc, 3 per cent copper, 
4 per cent aluminum, and 0.1 per cent magnesium. The fol¬ 
lowing properties are obtained on die-cast specimens of this 
alloy; a tensile strength of 45,000 lb. per sq. inu^ and an 
elongation in a 2-inch gage length of 5 per cent**. 

Another alloy in this group which has favorable qualities 
contains 95.95 per cent high-grade zinc, 4.00 per cent alu¬ 
minum, and 0.05 per cent magnesium. The zinc-base alloys 
are cast at temperatures from 750 to 850 degrees F. These 
alloys are used in die castings for hardware, instrument cases, 
decorative objects, motors, and fans. 
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IV. Aluminum-Base Alloys, in which aluminum is combined with 
copper or silicon. These are the aluminum casting alloys 
described earlier in this chapter. Because of their lightness, 
strength, and resistance to corrosion, aluminum die castings 
are used for cooking utensils, parts for household appliances, 
instrument housings, typewriter frames, and other articles. 

V. Magnesium-Base Alloys, in which magnesium is combined with 
aluminum and manganese. These are the “ dowmetal” alloys 
which have been described previously. Most die castings 
made of the magnesium-base alloys are produced by the press- 



Courtesy of Aurora Metal Company 


Fig. 142. —Die Castings of Aluminum Bronze 

cast method. A roughly measured quantity of the metal is 
poured into a cylinder and is forced by a ram into the dies at 
a pressure of about 5,000 lb. per sq. in. Parts for typewriters 
and small portable tools are made in this way. 

VL <Jq>per-Base Alloys, in which copper is combined with zinc, 
tin, lead, aluminum, iron, or other metals. These alloys have 
also been described earlier in this chapter. The die casting 
of brass and bronze alloys requires that the dies be subjected 
to high temperatures and high pressures, which conditions 
limit the life of the alloy-steel dies. Some die castings made 
of aluminum bronze are shown in Fig. 142. 
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“ MONEL METAL ” 

“Monel metal” is the trade name of an alloy produced and marketed 
by The International Nickel Company. This alloy contains approxi¬ 
mately 68 per cent nickel, 29 per cent copper, and 3 per cent of other 

elements including iron, manganese, 
and silicon. The constitution ol 
^fcSBlHfc “monel metal” is a homogeneous 

solid solution. Because of its high 
jJILl melting range, a large amount of 

(pH heat is required to melt “ monel 

JPjL metal.” A cover of charcoal or 

Mm fluorspar is used to protect the 

■HP! metal in the crucible while it is 

being heated. The metal is deoxi- 
dized by adding \ \ ounces of pure 
magnesium to 100 pounds of 
“monel metal” just before pouring. 
A pouring temperature of 2800 
degrees F. is required for this metal. 

The properties which make 
“monel metal” of special value in 
commercial castings are its resist¬ 
ance to corrosion by sea water and 
many chemicals, its strength and 
hardness even at high temperatures, 
and its resistance to erosion by 
I water and steam. The mechanical 
properties which are specified by 
The International Nickel Company 
for “monel metal” are as follows: 
—^ yield point, 30,000 to 60,000 lb. 

per sq. in.; tensile strength, 65,000 
Courtesy of The Wittiam Powell Company to 100,000 lb. per Sq. in., elongation 
Fig. 143. — Gate Valve of in 2 inches, 5 to 35 per cent; reduc- 

“Monel Metal” tion of area, 5 to 35 per cent; and 

Weight, sr,o pounds. Brinell hardness, 120; to 300. The 

uses of “ monel metal” include 
castings for pumps, mining machinery, steam turbines, laundry ma¬ 
chinery, fittings for ships, textile machinery, and food-handling equip¬ 
ment. The gate valve illustrated in Fig. 143 was made entirely of 
“monel metal.” 




NON-FERROIJS METAL CASTINGS 


249 


SUMMARY OF THE NON-FERROUS ALLOYS 

Many combinations of chemical and physical properties can be 
obtained with the non-ferrous casting alloys. In applications where 
resistance to atmospheric corrosion and to ot her forms of chemical attack 
is important, the copper-, tin-, and nickel-base alloys are particularly 
advantageous. Castings for marine service, as well as for machine parts 
which are subjected to corroding influences, are generally made of bronze 
or of copper-nickel alloys. Die castings for food-handling equipment 
are often produced from alloys having a high tin content. 

Some uses of metal castings require alloys which have a high tensile 
strength. This characterist ic t ogether with other favorable qualities can 
be secured by using manganese bronze, aluminum bronze, or “monel 
metal.” The properties of these valuable alloys have been stated earlier 
in this chapter. 

The light alloys of aluminum and magnesium have made possible an 
extension of the field of metal castings. These alloys have the advan¬ 
tage of low specific gravity in addition to being readily cast and easily 
machined. Furthermore, the commercial alloys of aluminum and mag¬ 
nesium possess mechanical properties which recommend them for many 
uses. 

A number of standard compositions of bearing metals have been pro¬ 
posed for different types of service. The white-metal alloys consisting 
of tin-, lead-, and cadmium-base alloys are usually poured in place, 
whereas the copper-base bearing metals are cast to shape and are finally 
machined to the desired dimensions. 

In this chapter on non-ferrous metal castings, the discussion has 
necessarily been confined to a small number of the most extensively used 
compositions in the different classes of these important alloys. There 
are, however, many other combinations of the metals which have valu¬ 
able properties. Supplementary data on the compositions and proper¬ 
ties of the non-ferrous metals and their alloys can be acquired from the 
references given at the end of this chapter. 
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REVIEW QUESTIONS 
I 

What are the characteristics of the different types of constituents which are 
present in the non-ferrous alloys? 


II 


What procedure is used in the order of melting the metals for the non-ferrous 
alloys? 


Ill 


What conditions influence the melting losses of the non-ferrous alloys? 


IV 

Describe the types of construction of melting furnaces. 


V 

What are the advantages of the crucible furnace? 

VI 

Under what conditions can the cupola furnace be used advantageously for 
melting the non-ferrous alloys? 

VII 

State the advantages of each of two types of electric furnaces. 
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VIII 

What are the requirements of copper castings for electrical purposes? 

IX 

Outline the melting practice for the production of copper castings. 

X 

Define brass, and give a typical composition of a brass alloy. 

XI 

What are the important qualities of red brass? 

XII 

State the characteristic properties of manganese bronze. 

XIII 

What is the effect of increasing the tin content in a bronze? 

XIV 

What difficulties are encountered in making castings of aluminum bronze? 

XV 

Explain the essential characteristics of anti-friction alloys. 

XVI 

State the limiting compositions of each of the four groups of non-ferroua 
bearing metals. 

XVII 

What are the characteristic uses of the White-metal bearing alloys? 

XVIII 

Prepare specifications for a tin-base bearing metal for heavy-duty service* 

XIX 

State the chemical composition and micro-structure of phosphor bronze for 
bearing purposes. 

XX 

What physical properties can be obtained with the aluminum casting alloys? 
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XXI 

Outline the equipment, materials, and practice necessary to produce sound 
castings of an aluminum-silicon alloy. 

XXII 

Give the composition and properties of a magnesium casting alloy. 


XXIII 

What are the differences in the melting practice for magnesium alloys and 
aluminum alloys? 

XXIV 

Classify the alloys used for die-casting purposes, and give a typical example 
in each class. 

XXV 

What are the characteristic properties of tl monel metal”? 



CHAPTER XIV 


THE DESIGN OF METAL CASTINGS 

METALLURGICAL FACTORS™- Crystallization of the Metal—Shrinkage of the 
Metal— MECHANICAL FACTORS —Molding Costs—Cleaning Costs—Machining 
and Assembling Costs— APPEARANCE 

Castings are produced by the solidification of metal within connected 
mold cavities. This method of assembling metal in the liquid state 
offers the possibility of great variations in sizes and shapes of metal 
products. The intricacy of castings is limited only by the necessity of 
obtaining the desired detail in the molds. The general shape and dis¬ 
tribution of the metal in a casting are determined by the specific require¬ 
ments of its application. Some castings are made primarily for decora¬ 
tive purposes; hence appearance is the controlling feature of these 
designs. Other castings are used for parts of machines to transmit 
power, and for this purpose the mechanical properties are of greatest 
importance. Other castings are used as covers, containers, and founda¬ 
tions for machines and equipment of many kinds. The development of 
designs for all metal castings should be based on a knowledge of the 
metallurgical factors which influence the quality of the metal in the 
castings and the mechanical factors which affect the cost of producing 
the finished parts. 


METALLURGICAL FACTORS 

Those characteristics of the metals on which the soundness and 
strengtj^of castings depend will now be discussed. 

Crystallization of the Metal 

After the metal has been poured into a mold, it begins to solidify at 
those surfaces where heat is extracted and continues to solidify towards 
the centers of the heavier sections. The progressive cooling of the metal 
establishes a definite direction for the growth of the crystalline grains. 
In a rectangular section shown at Ai in Fig. 144, the grains are perpen¬ 
dicular to the surfaces and intersect on diagonal lines joining the comers. 
Those locations where an interference in the crystal growth of the metal 
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occurs are sources of weakness in the casting. The section of a flat 
casting shown at B\ has an additional line of weakness joining the 



c £ 

Fig. 144. —Crystallization of 
Cast Metals 


diagonals. All sections having 
right angles with sharp corners have 
perceptible lines of weakness across 
the corners, as indicated at GV The 
most favorable condition for crystal¬ 
lization is obtained when the metal 
in a casting is distributed so that 
there is minimum interference with 
the direction of crystal growth. 
Maximum strength and reliability 
will be secured when all corners of 


castings are rounded. The direc¬ 
tional crystallization of the metal in gray iron castings is not as pro¬ 
nounced as in other cast metals because the separation of graphite 
occurs after the metal has solidified. An 
improvement in each of the previous designs 
of cast sections is indicated at A 2 , B 2 , and 
C 2 in Fig. 144. 

In many designs of castings, holes are 
provided in flat surfaces to reduce weight M ms.-Chvstallizatton 
or for other purposes. When these openings OF Cast metals Around 
are circular in shape, as shown at the right Openings 

in Fig. 145, uniform crystallization of the 

metal around the opening will be permitted. Furthermore, the stresses 
resulting from the contraction of the metal as it cools will be distributed 
more uniformly around circular openings. 



Shrinkage of the Metal 


During an investigation conducted by Thomas Turner on the shrink¬ 
age or contraction of the cast metals, it was discovered that the different 
metals had characteristic volume changes when cooled from the molten 
state. Some contraction curves which Turner obtained are shown in 
Fig. 146. Pure copper contracts uniformly when cooled from the liquid 
condition; this is characteristic of most pure metals. The curve for 
white cast iron indicates one retardation in the rate of contraction dur¬ 


ing cooling. In the case of low-phosphorus gray iron, two expansions 
take place as the metal cools; the first expansion is probably due to the 


separation of graphite, and the second expansion is caused by a change;^ 
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in the form of the iron at its lower critical temperature. Three expan¬ 
sions take place during the 
cooling of high-phosphorus 2 
irons. It has been shown i 
that the rate of contraction x 
of the ferrous alloys is not ? 
constant at all temperatures. < 

In a casting having light o 2 
and heavy sections, the light £ 3 
sections normally cool g 4 
faster than the heavy sec- | s 
tions, and at one instant ? 
the light portion of the - 6 
casting is contracting while 2 ? 
the heavy portion is ex- % a 
panding, and at another | 9 
instant just the opposite 8 
condition occurs. These 
changes cause stresses in M 
unequal sections of cast¬ 
ings, which frequently result 
in failures either while in 
the sand or after the castings have been removed from the molding floor. 

A typical example of a design with 
light and heavy sections is shown 
in Fig. 147. The thin rim of the 
cast-iron pulley will ordinarily cool 
more rapidly than the heavy arms; 
therefore, the metal in the rim 
will go through the cycle of ex¬ 
pansion and contraction before the 
heavier parts, with the result that 
the arms will tend to pull away 
from the rim. 

Castings should be designed so 
as to avoid as much as possible 
the detrimental effects of contrac¬ 
tion stresses caused by uneven 
rates of cooling. The difficulty 
encountered in the pulley casting 
«hown in Fig. 147 can be overcome by allowing each arm to contract 



Fig. 147. —Pulley with 
Solid Hub 



12 3 4 

TIME IN MINUTES 

Fig. 146.—Contraction Curves 
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or expand independently. The corrected design is shown in Fig. 148. 
When these castings are used in machines, a band is placed around the seg¬ 
ments of the hub, and the spaces between the arms at the hub are filled 

with lead. Hand wheels such as 
are used on the brake equipment 
for railroad cars (see Fig. 149) are 
often made with curved spokes so 
as to permit some deformation 
without failure when the casting 
cools. To eliminate severe stresses 
in castings, all adjoining mem¬ 
bers should be designed so that 
as much freedom as possible will 
be allowed for the normal contrac¬ 
tion of the metal during cooling. 

Contraction difficulties caused 
by unequal sections in castings can 
be overcome to some extent by 
special care in the foundry. Metal 
chills can be used in molds to increase the rate of cooling of heavy 
sections and thus control the contraction at critical parts of castings. 
The heavy portions of castings can be uncovered and exposed to the 
air soon after pouring to equalize rates of cooling in light and heavy 
sections. In some cases it may be 



Fig. 148.- 


-PULLEY WITH HUB IN 
Segments 


necessary to remove the entire 
casting from the sand while it is 
still at a high temperature, and to 
place it in a preheated furnace 
where it can be cooled uniformly. 

In malleable-iron practice, the in¬ 
ternal stresses produced during the 
initial cooling of the castings are 
entirely removed in the annealing 
process. Many steel castings are 
annealed to relieve the stresses in 
the metal caused by uneven cooling 
rates and at the same time to 
produce an improved structure. 

In the construction of patterns for metal castings, allowances are 
made for the shrinkage of the metal during solidification and cooling. 
The usual allowances by which the dimensions given on drawings are 
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increased by the patternmaker to obtain the desired sizes of castings are 
given in Table VII. Other factors which influence the dimensional 
changes from patterns to castings are: the materials and methods used 

Table VII 

Shrinkage Allowances for the Cast Metals 


Material 

Inch per Foot 

Gray Cast Iron. 

1 tn 5 

. T7J 10 52 

White Cast Iron. 

l 

. I 

Carbon Steel. 

. TK to ^ 

Manganese Steel. 

. A 

Yellow Brass. 

5 f 3 

Gunmetal Bronze. 


Phosphor Bronze. 


Aluminum Bronze. 

i 

Manganese Bronze. 

. i 

Aluminum Alloys. 

. -£z 

“Dowmetal” Alloys. 

5 3 


in molding, the pressure of the liquid metal, and the rate of cooling. 
Hard molds and cores which do not soften readily resist the normal 
contraction of the metal. 

When the metal in a casting solidifies, the reduction in volume from 
the liquid to the solid state causes shrinkage cavities or porous areas 
to be formed in those portions 
which are last to solidify. Sound 
castings are obtained by con¬ 
trolling the solidification of the 
metal so that adequate liquid metal 
will be supplied to all sections 
as the castings solidify. The 
ideal arrangement for all designs 
of castings to be made of metal 
in which the shrinkage is high is 
to have the sections gradually in¬ 
crease in size towards the risers. 

With this provision, the light sec¬ 
tions are fed by metal from the heavier sections, so that the shrinkage 
cavities are confined to the risers, which are later removed from the 
casting. When the requirements of the design are such that directional 
solidification can not be obtained, chills can be used to hasten the solid- 



A b 

Fig. 150. —Projection on Casting 
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ification of certain portions in advance of the lighter sections. It is also 
possible in the case of complex designs to provide feeders on isolated 

-p . __ _ _ __ heavy sections; this pre- 

C --J l-1 U_J I \ caution is used frequently 

in making malleable iron 
castings. 

Defects caused by 
shrinkage cavities in heavy 
sections of castings can often 
be eliminated by corrections 
in design. The flange con¬ 
struction shown at B in 
Fig. 150 is lighter and 
stronger than the lug shown 
at A. The design for 
strengthening ribs on cast¬ 
ings shown at B in Fig. 151 is preferred to the arrangement shown 
at A. 



SECTION A-A 

A 

Fig. 151.- 


SECTION B-B 


B 

-Ribs on Casting 


MECHANICAL FACTORS 

During the preparation of 
all designs for metal castings, 
those factors which influence 
the cost of producing the 
finished cast parts should be 
kept constantly in mind. The 
mechanical factors are dis¬ 
cussed under molding costs, 
cleaning costs, and machining 
and assembling costs. 



Fig. 152. —Cross Sections of Two Designs 
of Wheel Hubs 


Molding Costs 

The simpler the designs, the 
lower the cost of pattern equip¬ 
ment and the more easily the 
patterns can be mounted for machine molding. Complicated designs 
often require loose pieces on patterns which necessitate extra labor 
in molding and also become inaccurate with use. If the parting 
surfaces are in planes, the mounting of patterns is readily accom¬ 
plished and the difficulties encountered in molding with patterns requir- 
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ing irregular partings will be eliminated. The smaller the num¬ 
ber of partings required in a mold, the less the possibility of errors in 
molding. The change in the design of the wheel hub shown in Fig. 152 
makes the cheek unnecessary in molds for this casting. With the 
improved design, only one parting at D-D is required, whereas with 
the original design, two partings at A-A and B-B were necessary. The 
pattern for the new design of wheel hub can be made in one piece, but 
the pattern for the original design had to be split at C-C. 

Draft is the taper provided on all vertical faces of a pattern to permit 
its removal from the sand without damaging the walls of the mold. The 
amount of draft depends upon the shape and size of the casting as well 
as upon the method of molding. More draft is required on patterns 
which are molded by hand than on patterns which are mounted on 
machines. As a rule, the taper on patterns to be drawn by hand is not 
less than ^ inch per foot (1 degree slope) and on those to be drawn 
mechanically not less than inch per foot. An ample allowance for 
the draft on patterns will aid in producing good molds without excessive 
rapping of the patterns. 

The term, flat back, designates a design having all draft in one 
direction, so that the pattern can be placed flat on the mold board, 
allowing the casting to be made all in the drag. It is unnecessary to* 
match accurately the cope and drag parts of a mold when the cope is 
just a flat surface. Furthermore, the molding operations are usually 
simplified when patterns have all draft in one direction. 

In the development of designs for metal castings, an attempt should 
be made to avoid the use of dry-sand cores. The chief reason for their 
elimination is the high cost of baked cores. Also, cores may become 
shifted during the pouring of the metal, or cracks may develop because 
the cores do not yield sufficiently when the cooling metal contracts. A 
U-shaped section consisting of three intersecting members can often be 
used in designs for metal castings in preference to an inclosed section 
having four intersecting members, thus avoiding the necessity of a sep¬ 
arate body of sand which requires more care in preparation. 

When dry-sand cores are required in the making of castings, they 
should be designed if possible so that they can be baked on flat plates. 
The use of metal core driers for supporting cores until after they are 
baked involves an additional item of expense which should be avoided 
when possible. 

Bosses and brackets should be omitted when possible from all 
designs because these projections frequently* lead to difficulties in mold* 
ing and also interfere with the free contraction of the metal. The one- 
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piece pattern shown at the left in Fig. 153 cannot be drawn from the 
sand without tearing the mold. If the boss B is a loose piece on the 



pattern, it can be re¬ 
moved after the main 
pattern is drawn; however, 
this operat ion requires con¬ 
siderable care. When the 
design is changed so that 
the boss extends to the 
corner of the angle, as 


Fig. 153. —Bosses "on Casting shown at the ri « ht in 

Fig. 153, the entire pat¬ 


tern can be drawn without tearing the mold. 


Cleaning Costs 

The expense of trimming and cleaning castings is often a large part 
of the total manufacturing cost. All designs should, therefore, be pre¬ 
pared to facilitate the cleaning operations. The designs should allow 
for the placing of risers on heavy sections where they can be removed 
with the minimum expense. Attention should be given to the direc¬ 
tional solidification of the metal so that the smallest number of risers 
will be needed to produce sound castings. Deep pockets and recesses 
should be avoided as much as possible because of the difficulty of clean¬ 
ing the interior surfaces. The removal of fins which are caused by the 
metal filling the openings at the joints of molds and cores necessitates 
additional expense. The smaller the number of partings in a mold and 
the smaller the number of parts to the cores, the less the possibility of 
fins being formed on the casting. 

Machining and Assembling Costs 

Extra metal is provided on those surfaces of castings which are to be 
machined. The added thickness of metal, known as finish, depends 
upon the method of machining and the design of the casting. Some 
castings which are ground to the desired dimensions are made with only 
inch of, extra metal. Other castings of large size which are subject 
to warping have an additional thickness of f inch on parts which are to 
be machined. Those surfaces of a casting which require machining are 
usually made in the lower part of a sand mold because slag and gas 
tend to rise in the liquid metal, and thus cause defects in the upper parts * 
of the casting. 
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Designs which permit the consolidation of a number of structural 
members in one casting save the expense of machining and assembling 
operations. The cast-steel underframe for a hopper car shown in Fig. 
154 includes the center, end, and side sills, body bolsters, and hopper 
bottoms in one casting which replaces over 170 separate parts found in 


n 



Courtesy of General Steel Castings Corporation 


Fig. 154. —Cast-Steel Underframe for Hopper Cab 
Weight about 13,000 pounds. 


a hopper car of ordinary design. The advantages of the cast-steel 
underframe are great rigidity, low maintenance cost, a long period 
between repairs, and a long life for the car. The cast-steel locomotive 
bed in which the cylinders are cast integral with the main frames 
and crossties, as illustrated in Fig. 126 in Chapter XII, is another 
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example of a consolidated design in which all parts were united in the 
liquid state, with the saving of machining and assembling expense. 

The die-casting method can be used to advantage in producing a 
number of parts in one casting and in eliminating many machining oper¬ 
ations. Die castings are made with a limit of accuracy within 0.002 
inch of specified dimensions, thus making machining unnecessary for 



Courtesy of The New Jersey Zinc Company 

Fig. 155. —Zinc Alloy Die Casting 

Size, 6f by 6} by 5 inchee. Weight, 9J pounds. 

many purposes. The casting shown in Fig. 155 has a large number of 
cored holes formed during the casting of the metal. 

APPEARANCE 

The appearance of metal castings has much to do with their adoption 
for many uses; this applieslipt only to castings which are designed pri¬ 
marily for decorative effects,^but also to parts of machines which have 
utilitarian purposes. Within recent years, many cast products have 
been redesigned to secure a more attractive appearance. This consid- 
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eration is of special importance in the development of metal castings for 
machine tools, electrical appliances, household equipment, hardware, 
and plumbing goods. 
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REVIEW QUESTIONS 

I 

What factors should be taken into account in the design of metal castings? 

II 

What difficulty would be encountered in the use of triangular openings in 
flat castings? 

III 

What conditions affect the contraction in iron castings? 


IV 

What principle should be observed by the designer to avoid serious stresses 
in metal castings? 

V 

Explain how defects caused by shrinkage cavities may be eliminated. 

VI 


What precautions may be taken in the foundry to overcome difficulties due to 
faulty design? 

VII 

Explain the advantage of a pattern having all draft in one direction. 


VIII 


What conditions assist in decreasing the cleaning costs? 

IX % [ 

What provision is made to obtain clean metal on surfaces of castings which 
are to be machined? 



CHAPTER XV 


COMPARATIVE PROPERTIES OF THE CAST METALS 

TENSILE PROPERTIES—STRENGTH IN COMPRESSION—HARDNESS- 
WEIGHT—MACHINABILITY—RESISTANCE TO CORROSION—RESIS¬ 
TANCE TO HIGH TEMPERATURES—THERMAL CONDUCTIVITY- 
THERMAL EXPANSION—MODULUS OF ELASTICITY—ANTI-FRICTION 
PROPERTY—TEST PROCEDURE 

The selection of materials for new designs of metal castings should 
be based on complete knowledge of the qualities of all the cast metals. 
The properties of some of the most extensively used casting alloys have 
been stated in discussions in previous chapters. With the purpose of 
summarizing this information, two tables of data, one on the ferrous 
alloys (Table IX) and one on the non-ferrous alloys (Table X), have 
been prepared to assist in comparing the properties of these materials. 
The values given in the tables were collected from the sources indicated 
and are representative for these alloys. With some individual specimens 
of the cast metals, properties above or below the values specified in the 
tables may be obtained. 

It is not possible to classify the cast metals in a series based on the 
general desirability of these materials. In practically all cases the 
selection of a material for a metal casting must be made on the basis of 
a combination of qualities which may involve both physical ajid chemi¬ 
cal characteristics. For some purposes, the mechanical properties are 
of chief importance, whereas for other uses, resistance to heat or chemi¬ 
cal attack is most significant. Furthermore, the ease of machining may 
influence the choice of a material for a casting. 

The factor of cost should always be taken into account when specify¬ 
ing materials for definite purposes. As the market prices of the mate¬ 
rials used in the foundry change continuously, the prices of the different 
cast metals can not be established far in advance. Furthermore, the 
selling price of castings includes much more than the cost of the metals 
used in their preparation. The cost of patterns must be distributed over 
a certain number of castings. Other expenses, which include the cost 
of cores, molding, and cleaning, are dependent on the designs and the 
requirements of the castings. In spite of the many factors which right- 
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fully determine the final selling price, every designer should have some 
information at hand on the current prices of castings made of the differ¬ 
ent metals. The data presented in Table VIII were obtained from bids 


Table VIII 

Commercial Prices of Metal Castings 

Based on 200 castings of plain design without cores. Pattern costs not included. 

May, 1935 


Material in Casting 

Weight of 
Casting, 

Pounds 

. _ 

Price of 
One 
Casting 

Price 

per 

Pound 

Plain Cast Iron. 

7 

$0.28 

$0.04 

Alloy Cast Iron. 

7 

0.35 

.05 

Malleable Cast Iron. 

7 

0.42 

.06 

Carbon Steel. 

n 

1.13 

.15 

Alloy Steel (Low Alloy Content). 

n 

1.28 

.17 

Manganese Steel (13 Mn). 


1.50 

.20 

“Stainless” Steel (18 Cr-8 Ni). 

* 2 

4.50 

.60 

Special Steel (29 Cr-9 Ni). 

7 1 
• 2 

5.03 

.67 

Yellow Brass (70-25-2-3). 

8| 

1.09 

.13 

Red Brass (85-5-5-5). 

8f 

1.34 

.16 

Gun-Metal (88-10-2). 

8! 

1.51 

.18 

Manganese Bronze. 

8f 

1.51 

.18 

Aluminum Bronze. 

81 

1.59 

.19 

“Monel Metal”. 

81 

5.86 

.70 

Aluminum (92 Al-8 Cu). 

2f 

0.83 j 

.30 

Aluminum (95 Al-5 Si). 

21 

0.91 

.33 

“Dowmetal” “H”. 

U 

1.65 

.94 


submitted by foundries for the production of 200 castings of a plain 
design without cores. These prices will not necessarily apply to require¬ 
ments other than those stated. However, the ratios of the prices per 
pound for the different metals will remain fairly constant. 
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TENSILE PROPERTIES 

The tensile strength is the maximum stress which can be sustained 
by a specimen representing the material when the load is gradually 


Table IX 

Properties of Ferrous Allots 


Cast Metal 

Tensile 

Strength, 

Yield 

Point, 

Elon¬ 

gation, 

Reduc¬ 

tion 

of 

Com¬ 

pressive 

Strength, 

Hardness 

Numbers 

W eight, 
Lb. per 


Lb. per 
Sq. In. 

Lb. per 
Sq. In. 

% 

2 In. 

Area, 

% 

Lb. per 
Sq. In. 

Br. 

Scl. 

Cu. Ft. 

Gray Iron. 

*20,000 

to 

60,000 

Indeter¬ 

minate 

Negli¬ 

gible 

Negli¬ 

gible 

90,000 

to 

145,000 

150 

to 

300 

25 

to 

40 

449 

White Iron. 

50,000 

Indeter¬ 

minate 

Negli¬ 

gible 

Negli¬ 

gible 

250,000 

400 

90 

480 

Malleable Iron. 

*50,000 

*53,000 

*32,500 

*35,000 

*10 

15 


120 

15 

474 

Carbon Steel 
C-0.25% 

*18 

20 


130 

17 

474 

As Cast. 

65,000 

35,000 

20 

30 

35,000 

140 

20 

480 

Annealed. 

Quenched and Tem¬ 

70,000 

40,000 

30 

45 

40,000 

130 

18 

480 

pered . 

Manganese- 

80,000 

50,000 

20 

30 

50,000 

160 

22 

480 

Molybdenum Steel 
Mn-1.40%, 
Mo-O.35% 

Heat Treated 

96,000 

68,000 

26 

58 

68,000 

180 

28 

480 

Vanadium Steel.... 
Va-0.16 to 0.20% 
Heat Treated 

95,000 

65,000 

18 

30 

65,000 

180 

32 

480 

Manganese Steel. . . 
Mn-11.0 to 14.0% 
Heat Treated 

100,000 

50,000 

33 

35 

50,000 

200 

45 

480 


* A.S.T.M* Standards, Minimum Properties. 


applied so as to stretch the specimen in the direction of its length. The 
results are expressed in pounds per square inch of the original cross- 
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sectional area of the test specimen. A wide range in the tensile proper¬ 
ties of the different cast metals is indicated in Tables IX and X. 

Table X 


Properties of Non-Ferrous Metals and Alloys 


Cast Metal 

Tensile 
Strength, 
Lb. per 
Sq. In. 

Yield 
Point, 
Lb. per 
Sq. In. 

Elon¬ 

gation, 

% 

2 In. 

Reduc¬ 

tion 

of 

Area, 

% 

Com¬ 
pressive 
Strength, 
Lb. per 
Sq. In. 

Hare 

Nun 

Br. 

bless 

ibers 

Scl. 

Weight, 
Lb. per 
Cu. Ft. 

Copper *. 

30,000 

8,000 

30 

40 


48 

11 

552 

Yellow Brass t. 

31,000 

12,500 

27 

26 

6,000 

46 

10 

535 

Cu Zn Sn Pb 









70 25 2 3 




1 





Red Brass *. 

30,000 

20,000 

18 

18 

10,000 

55 

14 

535 

Cu Zn Sn Pb 









S5 5 5 5 









1 

Manganese Bronze.. 

f65,000 

30,000 

f25 

25 

28,000 

104 

21 

518 

Phosphor Bronze *.. 

35,000 

25,000 

8 

10 

16,000 

70 

19 

536 

Cu Sn P 









89.7 10 0.3 









Aluminum Bronze. . 

t65,000 

25,000 

f20 

30 

20,000 

80 

j 

18 i 

481 

Bearing Bronze *.. . 

31,000 

24,000 

8 

10 ! 

15,000 | 

60 

15 

553 

Cu Sn Pb 









80 10 10 









Aluminum *. 

20,000 

15,000 

1.5 


10,000 

59 

11 

180 

A1 Cu 






92 8 









Aluminum ♦. 

20,000 

12,000 

4.5 



43 

4 

168 

A1 Si 







95 5 









“Dowmetal” ”H”.. 

27,000 

12,000 

6 


47,000 

50 

22 

113 

“Monel Metal”- 

72,300 

37,100 

34 

32 

60,000 

100 

25 

551 


♦Average U. of M. Laboratory Tests, 
f A.S.T.M. Standards, Minimum Properties. 


Alloy cast steel having a tensile strength of over 100,000 lb. per sq. in. 
after heat treatment is used for machine parts which require high 
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strength and toughness. Alloy cast iron is employed extensively in 
applications where high strength and resistance to wear are important. 

The yield point is the load per unit of original cross section of the 
test specimen, which causes a marked increase in the deformation of the 
specimen as the load is gradually applied. During the tensile test, the 
yield point is determined by the drop of the beam of the testing machine, 
or by the use of dividers in the gage points of the test specimen. 

The elongation in per¬ 
centage is obtained by 
dividing the difference in 
the gage length of the speci¬ 
men before testing and after 
breaking by the original 
gage length, and multiply¬ 
ing by 100. As a rule, the 
gage length of standard ten¬ 
sile test specimens is 2 
inches. 

The difference between 
the original cross-sectional 
area and the smallest cross- 
sectional area of the tensile 
test specimen after failure is 
the reduction of area which 
is expressed as the percen¬ 
tage of the original cross- 
sectional area. When de¬ 
termining the cross-sectional 
area of test specimens, the 

Courtesy of Steel City Testing Laboratory actual measured dimensions 

Fig. 166.— Brinell Hardness Testing should be used rather than 
Machine the nominal dimensions. 


STRENGTH IN COMPRESSION 

The compressive strength is the maximum load which can be sus¬ 
tained by a material before complete failure occurs. In the case of 
highly plastic materials, it is usually expressed as the stress per unit of 
deformation. This property is stated in pounds per square inch of the 
original cross section of the specimen. The strength in compression of 
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many of the cast metals is about the same as the yield strength in ten¬ 
sion. Cast iron has a high strength in compression and is therefore 
commonly employed for parts which are subjected to high compressional 
stresses. 

HARDNESS 


handle for applying 

MAJOR LOAD. 


Hardness is a property which may be interpreted as resistance to 
indentation and resistance to abrasion. These two kinds of hardness 
are somewhat related, 
although a material 
may be hard in one 
sense and less hard in 
the other. Hardness 
measurements based on 
the resistance of the 
material to indentation 
are obtained by the 
Brinell test in which 
the diameter of the 
impression left by a 
steel ball is measured 
after a definite load has 
been applied to the ball. 

The diameter of the ball 
is 10 millimeters, and 
the pressure is 3,000 
kilograms for iron or 
steel and 500 kilograms 
for the softer metals. 

These loads are applied 
for 30 seconds. The 
Brinell hardnessnumber 
is the quotient obtained 
by dividing the pressure 
in kilograms by the 
area of the spherical 
indentation in square 

millimeters. A microscope containing a calibrated scale is used to 
measure the diameter of the impression left in the specimen. The 
Brinell numbers corresponding to the diameters of the impressions are 
readily found in tables prepared for this purpose. In the Brinell 



Courtesy of Wilson Mechanical Instrument Company 

Fiq. 157. —Rockwell Hardness Tester 
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machine shown in Fig. 156, the pressure obtained by a hand pump is 
applied against a piston to which the steel ball is attached. 

The Rockwell tester shown in Fig. 157 is used to measure hardness 
by determining, under an increment of load, the increment of depth of 
penetration of a steel ball or diamond cone into the material being 
tested. A preliminary load of 10 kilograms is first applied to a hardened 
steel ball ye inch in diameter, and then a major load of 100 kilograms 
is used. The Rockwell hardness readings are based on the depth to 

which the major load forces 
the steel ball below the depth 
to which it was impressed 
by the preliminary load. In 
the testing of very hard 
metals, a 120-degree diamond 
cone is used with a major 
load of 150 kilograms. The 
Rockwell hardness values are 
noted on a direct-reading 
dial. This method is com¬ 
monly used in determining 
the hardness of piston rings 
and other castings possessing 
a fine grain structure. 

Hardness values are also 
obtained with the Shore 
scleroscope by observing the 
height of rebound of a 
diamond-tipped hammer 
which is allowed to fall 
through a fixed distance 
upon the polished surface of 

The Shore Instrument and Manufacturing Company the material being tested. 

Fig. 158.— Shore Scleroscope This instrument is shown in 

Fig. 158. The hammer travels 
within a glass tube which is supported in a vertical position when 
hardness measurements are being made. The raising and releasing of 
the hammer are controlled by pressure on a rubber bulb. After each 
reading is taken, the specimen is moved so as to avoid having 
the hammer strike twice in the same spot. The hardness values are 
indicated on a scale graduated in units from 0 to 140. The average 
hardness of martensitic high-carbon steel is 100 on the scleroscope scale. 




HARDNESS 


271 


The ability of metals to resist abrasion involves toughness as well as 
hardness, and this property can not be established conclusively by 
indentation measurements. The difference in the resistance offered to 
wear by an extremely hard metal and by one which has some ductility 
is apparent when the effects of wearing are observed under a microscope. 
The action of rubbing of one metal on another will either break off 
particles of metal if the material is brittle, or bend over the projecting 
particles of metal if the material is ductile and tough. In the case of 
the hard metal, the surface will continue to be rough and the metal will 



Courtesy of The Dow Chemical Company 

Fig. 159.—Magnesium Alloy Castings 

Light weight and easily machined. 


be gradually worn away. The rubbing action on the tough metal tends 
to make the surface smooth and increases the resistance to wear. Man¬ 
ganese steel has a high resistance to wear, but its initial Brinell hardness 
is relatively low. 

WEIGHT 

The weight per unit of volume is an important consideration in the 
selection of the materials for metal castings. A wide range is found in 
the specific weights of the cast metals. Lead weighs 710 lb. per cu. ft., 
whereas “dowmetal ” weighs only 113 pounds to the same volume. The 









272 COMPARATIVE PROPERTIES OF THE CAST METALS 

light casting alloys described in Chapter XIII are particularly advan¬ 
tageous for uses where the low weight of moving parts results in a saving 
in power. Much attention is being given to the reduction in weight of 
manufactured products not only to parts for aircraft, but also to parts 
for buses, trucks, railway cars, packaging machinery, textile machinery, 
household appliances, and laboratory instruments. 

MACHIN ABILITY 

The machinability of metals refers to the characteristics of the mate¬ 
rials when being cut by tools in operations such as drilling, turning, and 
milling; it may be evaluated in various ways, depending upon the objec¬ 
tive sought in the cutting operation. The relative machinability of 
metals is determined on the basis of tool life before regrinding, on the 
speed at which metals are cut under given conditions for a definite tool 


Table XI 

Machinability of the Cast Metals 

Horsepower 
per Cu. In. per 


Material Minute 

“Dowmetal”. 0.180 

Leaded Brass. 0.288 

No. 12 Aluminum Alloy. 0.305 

Malleable Cast Iron. 0.610 

Gray Cast Iron. 0.614 

Gunmetal Bronze. 0.685 

Manganese Bronze. 0.832 

“Monel Metal”. 1.475 


life, or on the basis of the force or energy required in cutting. Values for 
machinability have been obtained by the measurement of the horse¬ 
power required to remove 1 cubic inch of metal per minute; with this 
basis of comparison, the values given in Table XI have been found by 
Boston 3 to represent the machinability of the cast metals, when a twist 
drill of f-inch diameter was operated with a feed of 0.012 inch per 
revolution, 

RESISTANCE TO CORROSION 


A property which is of importance in many applications of the cast 
metals is resistance to corrosion. This requirement can often be satis- 
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fied by the brass and bronze alloys. Manganese bronze and “monel 
metal” are particularly suited to uses where resistance to corrosion is of 
primary importance. Several types of alloy cast iron for resisting cor¬ 
rosion have been described in Chapter IX. Parts which must be resis¬ 
tant to atmospheric corrosion, as well as to attack by various chemicals, 
are also cast of special alloy steels. 

RESISTANCE TO HIGH TEMPERATURES 

A number of heat-resisting alloys are available in castings for furnace 
equipment. The most important of these are the nickel-chromium 
alloys which are used extensively in carburizing boxes, cyanide pots, 



Courtesy of Driver-Harris Company 

Fig. 160.—Nickel-Chromium Alloy Castings 

Furnace parts, resistant to heat. 


and other castings which are exposed in service at high temperatures. 
The compositions and maximum operating temperatures of five heat- 
resisting alloys are listed in Table VI in Chapter XII. Three types of 
cast iron which are serviceable at high temperatures are described in 
Chapter IX. 

THERMAL CONDUCTIVITY 

Special significance is attached to the thermal conductivity of the 
metals used in the construction of parts for internal-combustion engines. 
Copper inserts are sometimes cast in place to improve the thermal con- 
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ductivity. The values given in Table XII for the thermal conductivities 
of the cast metals are the amounts of heat in gram-calories transmitted 
per second through a plate 1 centimeter thick per square centimeter of 

Table XII 

Thermal Conductivities of the Cast Metals 


Copper. 0.90 to 0.94 

Aluminum Alloys. 0.30 to 0.45 

Magnesium Alloys. 0.16 to 0.30 

Zinc. 0.24 to 0.27 

Brass Alloys. 0.13 to 0.24 

Bronze Alloys. 0.11 to 0.23 

Carbon Steel. 0.12 to 0.14 

Gray Iron. 0.11 to 0.14 

Malleable Cast Iron. 0.09 to 0.13 

Tin. 0.08 to 0.14 

Tin-Base Bearing Metal. 0.06 to 0.09 

“ Monel Metal ”. 0.06 to 0.09 

Lead. 0.04 to 0.08 


its surface when the difference in temperature between the two faces oi 
the plate is 1 degree C. The thermal conductivity of a metal varies with 
the temperature and usually decreases as the temperature is raised. 


THERMAL EXPANSION 

For some uses of metal castings, it is necessary to give attention to 
the changes in dimensions which occur when the metal is heated. The 
values given in Table XIII indicate that the coefficients of linear expan¬ 
sion of the cast metals vary considerably. Furthermore, the rate of 
expansion changes within different temperature ranges. When the 
allowable clearance between cooperating parts of a machine is relatively 
small, special care is required in selecting materials which will be satis¬ 
factory at all operating temperatures. 

MODULUS OF ELASTICITY 

The modulus or coefficient of elasticity is the relation between the 
amount of deformation of a material and the load which causes the 
deformation. It is defined as the load in pounds per square inch of area 
divided by the change in length in inches for all loads below the elastic 
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Table XIII 

Thermal Expansion of the Cast Metals 


Linear Coefficient of Expansion per 
Degree F. X 10~ 6 


Material 

Between 
70 and 
210° F. 

Between 
32 and 
212° F. 

Between 
70 and 
570° F. 

Between 
32 and 
570° F. 

“Dowmetal” “H”. 

16.0 




Zinc-Aluminum (96—4). 

15.2 



Aluminum-Silicon (95-5). 

12 2 

13.3 


Aluminum-Copper (92-8). 

Phosphor Bronze. 

12.2 

10.0 

I 

10.4 


Aluminum Bronze... 

9.2 


10.3 


“Monel Metal”. 

9.2 


9.3 

Cast Carbon Steel. 

6.6 


7.4 

Malleable Cast Iron. 



6.6 

Gray Cast Iron. 


5.9 


6.6 






Table XIV 

Modulus of Elasticity in Tension 


Cast Metal 
Steel. 


Malleable Cast Iron 
“Monel Metal”.... 
Gray Cast Iron.... 

Copper. 

Brass. 

Bronze (85-5-5-5). 

Zinc. 

Aluminum Alloys. . 

“Dowmetal”. 

Lead. 


Lb. per Sq. In. 

27,000,000 to 30,000,000 
25,000,000 

22,000,000 to 23,000,000 

12,000,000 to 20,000,000 
15,000,0000 
14,000,000 
13,000,000 
12,500,000 
10,000,000 
6,500,000 
2,560,000 


limit. The coefficients of elasticity for some of the cast metals are given 
in Table XIV. These values are used in calculations for determining 
the deformation of structures under definite loads. 
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ANTI-FRICTION PROPERTY 

The alloys which are satisfactory for anti-friction bearings contain 
two or more physical constituents having different degrees of hardness. 
The softer constituents wear away, forming oil pockets for the retention 
of lubricants. The non-ferrous bearing alloys may be classified into 
two groups known as the white-metal alloys which have low melting 
points and are poured in place, and the bronze alloys which are cast to 
shape and are machined to the desired dimensions. Several composi¬ 
tions of alloys in each of these groups are described in Chapter XIII. 
Gray cast iron is also employed where its anti-friction property is 
advantageous. 


TEST PROCEDURE 

When making comparisons of the results of tests on the cast metals, 
it is important that the exact procedure for obtaining the properties of 
these materials be duplicated. The effects of changes in the size of test 
specimens on the mechanical properties of cast iron have been discussed 
in Chapter VIII. It has been pointed out that small differences in the 
dimensions of cast specimens cause disagreement in the results obtained 
by testing. The standard methods for casting and testing specimens of 
the ferrous and non-ferrous alloys are given in the Appendix. Also, the 
dimensions of the finished test specimens are shown on the drawings 
accompanying the standard test methods. The preparation of test 
specimens when not properly carried out may introduce factors which 
will materially affect the results of the tests. 
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REVIEW QUESTIONS 

I 

What factors should be taken into account in the selection of materials for 
metal castings? 

II 

Define tensile strength and yield point. 


Ill 

Describe two methods for measuring the hardness of the cast metals. 


IV 

What methods may be used in evaluating the machinability of the cast metals? 

V 

What cast metals are particularly suited to resisting corrosion? 

VI 

Specify the cast metal to be used in propellers for ships. 


VII 


Specify a cast metal for each of the following combinations of properties: 

(a) light weight, easily machined. 

(b) anti-friction, for heavy loads, and resistance to shock. 

(c) non-magnetic, non-corrosive, with tensile strength over 50,000 lb. 

per sq. in. 

(d) elongation over 15 per cent, tensile strength over 75,000 lb. per 

sq. in. 

VIII 


State the composition of a cast metal to be used in equipment for handling 
commercial acids. 

IX 

What metals may be used in castings which are to be exposed to tempera¬ 
tures above 1500 degrees F.? 

X 

What precautions should be observed when obtaining the properties of the 
cast metals? 
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Table XV 


Industrial r 
Degrees 

6300 Oxy-acetylene flame 
6152 Tungsten melts 

5072 Magnesia (MgO) fuses 
4757 Molybdenum melts 
4658 Lime (CaO) fuses 

4800 ‘‘Thermit” reaction 
3722 Aluminum oxide (A1 2 0 3 ) fuses 
3600 Oxy-hydrogen flame 
3550 Silica brick softens 

3272 Titanium melts 

3191 Platinum melts 

3128 Vanadium melts 

3115 Silicon oxide (Si0 2 ) fuses 
3100± Open-hearth tapped 
3055 Fire clay brick softens 
2939 Chromium melts 

2900± Blast furnace tapped 
2894 Iron oxide (Fe 3 0 4 ) melts 

2808 Iron oxide (Fe 2 0 3 ) melts 

2788 Pure iron melts 

2750=fc Cupola tapped 

2696 Cobalt melts 

2650db Steel melts 
2646 Nickel melts 

2588 Silicon melts 

2500=fc Ferrochromium (60-70% Cr). 
melts 

* Data from [/. S. Bureau of Standards 


PEMI'ERATURES * 

Fahrenheit 

2480 Ferrosilicon (50% Si) melts 

2480 Iron oxide (FeO) melts 

2453 Manganese steel (13% Mn) 

melts 

2336 Beryllium melts 

2335 Ferrosilicon (15% Si) melts 

2280d= Ferromanganese (80% Mn) 
melts 

2280 zb Open-hearth slag fuses 
2250zt Cast iron melts 

1981 Copper melts 

1946 Gold melts 

1800 Red brass (85-5-5-5) melts 

1761 Silver melts 

1600 Manganese bronze melts 

1560 Sodium carbonate melts 

1220 Aluminum melts 

1204 Magnesium melts 

1166 Antimony melts 

1000 Red heat 

787 Zinc melts 

621 Lead melts 

610 Cadmium melts 

518 Bismuth melts 

449 Tin melts 


anti other reliable sources. 
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Table XVI 

Compositions of Solid Fuels 



Moisture, 

% 

Volatile 
Matter, % 

Fixed 
Carbon, % 

Ash, 

% 

Sulphur, 

% 

Wood. 

20 


40 

1.6 


Charcoal. 

10 

4.0 

84 

2.0 

0.05 

Bituminous Coal. . 

7 

20-30 

60-75 

10.0 

7.00 

Anthracite Coal... 

4 

3-7 

85-90 

3-7 

1.50 

By-Product Coke.. 

2 

1.0 

87 

10.0 

0.60 

Beehive Coke. 


1.5 

88 

10.5 

0.90 

Petroleum Coke... 

1 

10.0 

88 

1.0 

0.50 


Table XVII 

Heating Values of Foundry Fuels 



B.T.U. per Lb. 

-jpr- 

B. T. U. per U. S. Gal. 

Wood (Dry Pine). 

9,000 


Charcoal (Hardwood). 

12,850 


Bituminous Coal (dry). 

14,000 


Anthracite Coal (dry). 

12,000 


By-Product Coke. 

12,500 


Petroleum Coke. 

.15,500 


Fuel OD. 

19,300 

144,000 

Kerosene. 

20,000 

B. T. U. per Cu. Ft. 

City Gas. 


625 

Producer Gas. 


145 

Coke-Oven Gas. 


600 

Natural Gas. 


1,000 

Electric Current... 


3,412 B. T. U. per Kw.-Hr. 
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Table XVIII 

Standard Sizes of Crucibles 
Outside Dimensions in Inches 


No. 

Height 

Top 

Bilge 

Bottom 

Approxima 
ties in ! 

Copper 

Alloy 

,te Capaci- 
Pounds 

Aluminum 

Alloy 

10 



6* 

4 * 

41 

14 

12 

8* 

6f 

6! 

5r56 

48 

16 

14 

8! 

6* 

7 _ 3 _ 

* 16 


55 

19 

16 

n 

6* 

7 ! 

• 2 

5! 

62 

21 

18 

9 * 


715 

'16 

5* 

74 

25 

20 

io* 

71JL 
« 16 

8 | 

6! 

86 

29 

25 

ion 


81 

6! 

103 

35 

30 

n| 

81 

9 * 

6* 

1 120 

41 

35 

12 

9 

91 

71 

138 

46 

40 

12! 

9* 

101 

7* 

155 

52 

45 

13* 

9! 

10* 

7* 

181 

61 

50 

13 j 

101 

111 

8! 

206 

70 

60 

14* 

10* 

11* 

8* 

241 

81 

70 

15* 

111 

12* 

8* 

275 

93 

80 

15 | 

11* 

12* 

•91 

310 

104 

90 

16 * 

12g 

13g 

O-JL 

y 16 

344 

116 

100 

16* 

121 

131 

9! 

378 

128 

125 

17f 

13 

14 * 

10 * 

430 

145 

150 

18f 

13f 

14 ! 

io| 

516 

174 

175 

IH 

14| 

15* 

nf 

602 

203 

200 

20 

15 

161 

11 ! 

688 

232 

225 

20f 

151 

16* 

12 * 

774 

261 

250 

21| 

16 

17* 

12 * 

860 

290 

275 

22 

16* 

17* 

13 

946 

319 

300 

221 

161 

181 

13f 

1,032 

348 

400 

24* 

OO 

> 

19* 

14* 

1,376 

464 
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Table XIX 

Weights of Castings from Weights of Patterns 


Multiply weights of patterns by factors below. 


Pattern Materials 

Cast Metals 

Gray 

Iron 

(449 lb./ 
cu. ft.) 

Malle¬ 

able 

Iron 

(474 lb./ 
cu. ft.) 

Steel 
(480 lb./ 
cu. ft.) 

Copper 
Alloy 
(535 lb./ 
cu. ft.) 

Alumi¬ 
num 
Alloy 
(180 lb./ 
cu. ft.) 

Mag¬ 
nesium 
Alloy 
(113 lb./ 
cu. ft.) 

White Pine 

(26 lb./cu. ft.).... 

17.3 

18.2 

18.4 

20.6 

6.9 

4.3 

Yellow Pine 

(34 lb./cu. ft.)_ 

13.2 

13.9 

14.1 

15.7 

5.3 

3.3 

Mahogany 

(34 lb./cu. ft.).... 

13.2 

13.9 

14.1 

15.7 

5.3 

3.3 

Aluminum Alloy 
(180lb./cu. ft.).... 

2.5 

2.6 

2.7 

3.0 

1.0 

0.6 

Copper Alloy 

(535lb./cu. ft.).... 

0.8 

0.9 

0.9 

1.0 

0.3- 

0.2 

Magnesium Alloy 
(113 lb./cu. ft.)- 

4.0 

4.3 

4.3 

4.8 

1.6 

1.0 
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Table XX 
Cuj’ola Data 


Dia. 

Inside 

1 

Area 
Inside 
Lining, 
Sq. In. 

Total 
Tuyere 
Area, 
Sq. In. 

Vol¬ 

ume 

Coke 

Cu. Ft. 

Lime¬ 

stone 

Weight of One Metal 
Charge 

Lin¬ 

ing, 

In. 

6 In. 
High, 
Cu. In. 

per 

Charge, 

Lb.* 

Air per 
Min. f 

per 

Charge, 
Lb 4 

Ratio 

8 to 1 

Ratio 

9 to 1 

Ratio 
10 to 1 








Lb. 

Lb. 

Lb. 

32 

804 

201 

4,824 

74 

1,509 

15 

592 

666 

740 

36 

1,018 

254 

6,108 

94 

1,917 

19 

752 

846 

940 

42 

1,385 

346 

8,310 

128 

2,611 

26 

1,024 

1,152 

1,280 

48 

1,810 

453 

10,860 

167 

3,407 

33 

1,336 

1,503 

1,670 

54 

2,290 

573 

13,740 

211 

4,304 

42 

1,688 

1,899 

2,110 

60 

2,827 

707 

16,962 

261 

5,324 

52 

2,088 

2,349 

2,610 

66 

3,421 

855 

20,526 

316 

6,446 

63 

2,528 

2,844 

3,160 

72 

4,072 

1,018 

24,432 

376 

7,670 

75 

3,008 

3,384 

3,760 

78 

4,778 

1,195 

28,008 

441 

8,996 

88 

, 3,528 

| 3,969 

4,410 

84 

5,542 

1,386 

33,252 

512 

10,445 

102 

4,096 

4,608 

5,120 

90 

6,362 

1,591 

38,172 

587 

11,975 

117 

4,696 

5,283 

5,870 


* Assumes 1 pound of coke occupies 65 cubic inches. 

t Assumes 1 pound of coke requires 102 cubic feet of air, and coke charge is burned in 


5 minutes. 

t Assumes limestone required is 20 per cent of weight of coke. 
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Fig. 161. —Cupola Tuyeres 


Table XXI 
Cupola Tuyeres 


Diameter of 
Cupola 
Inside of 
Lining, 
Inches 

Number 

of 

Tuyeres 

Area of Each 
Tuyere 
Inside 
of Lining, 
Square Inches 

Size of Tuyere 
Opening Inside 
of Lining, 
Inches 

Size of Tuyere 
Opening at 
Shell, 

Inches 

Height 

Length 

Height 

Length 

32 

4 

50 

4 

12 

4 

9 

36 

4 

64 

4 

16 

4 

11 

42 

6 

58 

4 

15 

4 

10 

48 

6 

75 

4 

19 

4 

13 

64 

6 

95 

4 

24 

4 

16 

60 

6 

118 

5 

23 

5 

16 

66 

6 

143 

5 

29 

5 


72 ? 

6 


5 

34 

5 

23 

78 

8 

149 

6 

25 

6 

17 

84 

8 

173 

6 

29 

6 

20 

90 

8 


6 

33 

6 

23 
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TENTATIVE SPECIFICATIONS FOR GRAY-IRON CASTINGS 
A.S.T.M. Designation: A48-36 


1. These specifications cover general gray-iron castings not covered by other 
existing specifications of the American Society for Testing Materials. These 
specifications apply to gray-iron castings where strength is a consideration. It 
is a purpose of these specifications to classify cast irons in respect to tensile 
strength. 

PHYSICAL PROPERTIES AND TESTS 


2. Gray-iron castings conforming to these specifications shall be known and 
listed by classes, according to minimum tensile strengths of test bars as 
follows: 


Tensile Strength, 


Minimum 

Class Lb. per Sq. In. 

No. 20. 20,000 

No. 25. 25,000 

No. 30. 30,000 

No. 35. 35,000 

No. 40. 40,000 

No. 50 . 50,000 

No. 60 . 60,000 


3. (a) Transverse tests shall be optional and the following minimum break¬ 
ing loads are specified: 


Transverse Test 


Bar. 

. .0.875 in. in Diameter 

1.2 in. in Diameter 

2.0 in. in Diameter 

Span Length. 

.. 12-in. Supports 

18-in. Supports 

24-in. Supports 


Load at 

Load at 

Load at 


Center, 

Center, 

Center, 

Class 

Lb. 

Lb. 

Lb. 

No. 20. 

. 900 

1,800 

6,000 

No. 25. 

. 1,025 

2,000 

6,800 

No. 30. 

. 1,150 

2,200 

7,600 

No. 35. 

. 1,275 

2,400 

8,300 

No. 40. 

. 1,400 

2,600 

9,100 

No. 50. 

. 1,675 

3,000 

10,300 

No. 00. 

. 1,925 

3,400 



(b) By mutual agreement between the manufacturer and purchaser, deflec¬ 
tion values in the transverse test may be specified. 

(c) The transverse breaking loads specified in Paragraph (a) are based on 
actual averages of transverse test loads for each class of casting. It is not 
implied by these specifications that the ratio of tensile strength to transverse 
load is constant. By agreement between the manufacturer and purchaser, 
tensile strength and transverse tests may be made and a range of transverse 
values determined. These values will then supersede the values specified in 
Paragraph (a). 
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(d) When an iron is specified by class (No. 20, No. 25, etc.) and the trans¬ 
verse test bar fails to meet the load requirements specified in Paragraph (a), 
then the manufacturer shall have the right to have tested a tension test speci¬ 
men machined from a broken end of the transverse bar. In the event that 
this tension specimen meets the requirements of the specified class, as given 
in Section 2, the class requirement shall be considered as having been met, 
irrespective of the transverse breaking load. 

4 . Test bars shall be cast separately from the casting. Three standard 
sizes of transverse test bars are available under these specifications as shown 
in Fig. 162. Tension test specimens shall be machined from the transverse 
test bars to the dimensions shown in Fig. 163. 

- i z=a ■■■ 

Q. . .. . . s - . 

Fig. 162. —Transverse Test Bars 


Distance 

Dimensions between 

Diameter Length Supports 
Test Bar D L S 

A. 0.875 in. loin. 12 in. 

B. 1.20 in. 21 in. 18 in. 

C. 2.00 in. 27 in. 24 in. 



5 . (a) The manufacturer and purchaser shall agree upon the controlling 
section of the casting. Then the corresponding test bar shall be used as follows: 

Test Nominal Diameter 
Controlling Section of Casting Bar of Test Bar as Cast 

0.50 inch and under. A 0.875 inch 

0.51 to 1.00 inch. B 1.20 inch 

1.01 to 2.00 inch. C 2.00 inch 

0 f ^ • i f Test bar C may be used or a larger test bar may be used by 
uver z.uu men j rnu t ua l agreement between the manufacturer and purchaser. 


(b) The correlation in Paragraph (a) is only approximate and may need 
modification for complicated castings. The test bar size for a given casting 
may then be determined by mutual agreement between the manufacturer and 
purchaser. 

6 . Unless otherwise agreed upon by the manufacturer and purchaser, test 
bars shall be made under the same sand conditions as the castings. The bars 
shall be poured from a ladle or ladles of iron used to pour the castings. The 
test bars shall receive the same mechanical and thermal treatment as the 
castings. In the case of heat treatment, the test bars are to be treated adja¬ 
cent to the castings they represent. 

7. Tensile test specimens shall fit the holders of the testing machine in 
such a way that the load shall be axial. The use of self-aligning shackles is 

recommended. , , _ A 

8 . The transverse test shall be made on the bar as cast with central loading 
between supports. Corrections shall be made for sizes of bars as shown in 
Table XXII. Controlling dimensions shall be the diameter of the bar at the 
fracture. The rate of application of the load shall be such that fracture is 
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produced in not less than 15 seconds for the 0.875-inch diameter bar; 20 seconds 
for the 1.2-inch diameter bar; and 40 seconds for the 2.0-inch diameter bar. 

9. The manufacturer shall prepare and furnish all test bars as agreed upon. 
Two or more test bars shall be cast. 

Table XXII 

Correction Factors for Transverse Test Bars 

In order to correct to the standard diameter, the breaking load obtained in test¬ 
ing the bar shall be divided by the correction factor. 


0.875 In. Diameter Bar 

1.20 In. Diameter Bar 

2.00 In. Diameter Bar 

Diameter of 
Test Bars, 
Inches 

Correction 

Factor 

Diameter of 
Test Bars, 
Inches 

Correction 

Factor 

Diameter of 
Test Bars, 
Inches 

Correction 

Factor 

0.825 

0.838 ! 

1 

.10 

0.770 

1.90 

0.857 

0.830 ! 

0.853 

1 

.11 

0.791 

1.91 

0.871 

0.835 i 

0.869 

1 

.12 

0.813 

1.92 

0.885 

0.840 

0.885 

1 

.13 

0.835 

1.93 

0.899 

0.845 

0.900 

1 

.14 

0.857 

1.94 

0.913 

0.850 

0.916 

1 

.15 

0.880 

1.95 

0.927 

0.855 

0.933 

1 . 

.16 

0.903 

1.96 

0.941 

0.860 

0.949 

1 

.17 

0.927 

1.97 

0.955 

0.865 

0.966 

1 . 

.18 

0.951 

1.98 

0.970 

0.870 

0.983 

1 

.19 

0.975 

1.99 

0.985 

0.875 

1.000 

1 . 

,20 

1.000 

2.00 

1.000 

0.880 

1.017 

1 . 

.21 

1.025 

2.01 

1.015 * 

0.885 

1.034 

1 . 

.22 

1.051 

2.02 

1.030 

0.890 

1.051 

1 

.23 

1.077 

2.03 

1.046 

0.895 

1.069 

1 

.24 

1.103 

2.04 

1.061 

0.900 

1.087 

1 

.25 

1.130 

2.05 

1.076 

0.905 

1.106 

1 , 

.26 

1.158 

2.06 

1.092 

0.910 

1.125 

1 

.27 

1.185 

2.07 

1.109 

0.915 

1.143 

1 

.28 

1.214 

2.08 

1.125 

0.920 

1.162 

1 

.29 

1.242 

2.09 

1.141 

0.925 

! 1.181 

1 

.30 

1.271 

2.10 

1.158 


10. (a) If a faulty or unsound test bar gives a result not in accord with 
the specifications, the result shall be disregarded and another test made, 

(b) In case of failure of a test bar to meet the specifications, a retest may 
be made. If the retest fails, the castings shall be rejected, except as provided 
for in Paragraph (q). . 
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(c) As provided for in Section 3 (d), when the transverse test bars fail to 
meet the specification requirements, tension test specimens may be machined 
from the broken ends of the transverse test bar. If the tension specimen 
meets the requirements of the specified class, the castings shall be accepted. 



Fig. 163. —Tension Test Specimens 


Dimensions of Test Bars 
Test Bar A Test Bar B Test Bar C 

A. 3/4 in. 1 1/8 in. 1 7/g in. 

B. 5/8 in. 15 /16 in. lT/igin. 

C. 0.505 in. 0.800 in. 1.25 in. 

D. 1.00 in. 1.00 in. 2.00 in. 

E. Shall be equal to or greater than C 

F. 1.00 in. 1.00 in. 1 3/ 4 in. 

G. 0.25 in. 0.25 in. 5/16 in. 

II. 1.25 in. 1.50 in. 2 l/ 4 in. 

1. 0.25 in. 0.25 in. 5/16 in. 

J. 1.00 in. 1.00 in. 13/4 in. 

K. 3.75 in. 4.00 in. 6 3/ 8 in. 


CHEMICAL COMPOSITION 

11. It is the intent of these specifications to subordinate chemical composi¬ 
tion to physical properties. By agreement between the manufacturer and 
purchaser, the quantities of any chemical element in the cast-iron may be 
specified. 


WORKMANSHIP AND FINISH 

12. The castings shall be true to pattern and free from cracks, gas holes 
flaws, and excessive shrinkage. Surfaces of the castings shall be free from 
burnt-on sand and shall be reasonably smooth. Runners, risers, fins, and 
other cast-on pieces shall be removed. In other respects the castings shall 
conform to whatever points may be specially agreed upon between the manu¬ 
facturer and purchaser. 

INSPECTION 

13. The inspector representing the purchaser shall have free entry at all 
times while work on the contract of the purchaser is being performed, to all 
parts of the manufacturer’s works which concern the manufacture of the cast¬ 
ings ordered. The manufacturer shall afford the inspector all reasonable 
facilities to satisfy him that the castings are being furnished in accordance 
with these specifications. All tests and inspection shall be made at the place 
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of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

CERTIFICATION 

14. Upon request of the buyer, the manufacturer shall be prepared to certify 
that his product conforms to the requirements of these specifications. 


STANDARD SPECIFICATIONS FOR MALLEABLE IRON CASTINGS 
A.S.T.M. Designation: A47-33 

1. These specifications cover malleable iron castings for railroad, motor 
vehicle, agricultural implement, and general machinery purposes. 

MANUFACTURE 

2. The castings shall be produced by either the air-furnace, open-hearth, or 
electric-furnace process. 

3. Castings shall be free from primary graphite. 


PHYSICAL PROPERTIES AND TESTS 

4. (a) The tension test specimen specified in Section 6 shall conform to the 
following minimum requirements as to tensile properties: 

Grade Grade 

No. 32510 No. 35018 


Tensile strength, lb. per sq. in. . . 50,000 53,000 

Yield point, lb. per sq. in. 32,500 35,000 

Elongation in 2 in., per cent. 10.0 18.0 


(b) The yield point, defined as that load under which the specimen has an 
elongation in 2 in. of 0.01 in., may be determined by the drop of the beam of 
the testing machine or by the divider method. 

5. (a) All castings, if of sufficient size, shall have cast thereon test lugs of 
a size proportional to the thickness of the casting, but not exceeding f by j in. 
in cross section. On castings which are 24 in. or over in length, a test lug shall 
be cast near each end. These test lugs shall be attached to the casting at such 
a point that they will not interfere with the assembling of the castings, and 
may be broken off by the inspector. 

(b) If the purchaser or his representative so desires, a casting may be tested 
to destruction. Such a casting shall show good, tough malleable iron. 

6. (a) Tension test specimens shall be of the form and dimensions shown 
in Fig. 164. Specimens whose mean diameter at the smallest section is less 
than in. will not be accepted for test. 

(b) A set of three tension test specimens shall be cast from each melt, 
without chills, using heavy risers of sufficient height to secure sound bars. The 
specimens shall be suitably marked for identification with the melt. Each set 
of specimens so cast shall be placed in some one oven containing castings to 
be annealed. 
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7. (a) After annealing three tension test specimens shall be selected by 
the inspector as representing the castings in the oven from which these speci¬ 
mens are taken. 

(b) If the first specimen conforms to the specified requirements, or if in the 
event of failure of the first specimen the second and third specimens conform 
to the requirements, the castings in that oven shall be accepted, except that 
any casting may be rejected if its test lug shows that it has not been properly 
annealed. If either the second or third specimen fails to conform to the re¬ 
quirements, the entire contents of that oven shall be rejected. 
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Fig. 164. —Tension Test Specimen 


(c) Retests. In case one of the retest specimens contains a flaw which 
results in the failure of the specimen to meet the specifications, at the discretion 
of the inspector additional test specimens from the same oven may be tested, 
or test specimens cut from castings may be tested. 

8 . Any castings rejected for insufficient annealing may be re-annealed once. 
The re-annealed castings shall be inspected and if the remaining test lugs, or 
castings broken as specimens, show the castings to be thoroughly annealed, 
they shall be accepted; if not, they shall be finally rejected. 


WORKMANSHIP AND FINISH 

9. The castings shall conform substantially to the patterns or drawings fur¬ 
nished by the purchaser, and also to gages which may be specified in individual 
cases. The castings shall be made in a workmanlike manner. A variation of 
| in. per ft. will be permitted. 

10. The castings shall be free from injurious defects. 


MARKING 

11. The manufacturer's identification mark and the pattern numbers as¬ 
signed by the purchaser shall be cast on all castings of sufficient size, in such 
positions that they will not interfere with the service of the castings. 


INSPECTION AND REJECTION 

12. (a) The inspector representing the purchaser shall have free entry, at 
all times while work on the contract of the purchaser is being performed, to 
all parts of the manufacturer's works which concern the manufacture of the 
castings ordered. The manufacturer shall afford the inspector, without charge, 
ail reasonable facilities to satisfy him that the castings are being furnished in 
accordance with these specifications. All tests and inspection shall be made 
at the place of manufacture prior to shipment, unless otherwise specified, and 
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shall be so conducted as not to interfere unnecessarily with the operation of 
the works. 

(b) The manufacturer shall be required to keep a record of each melt from 
which castings are produced, showing tensile strength and elongation of test 
specimens cast from such melts. These records shall be available and shown 
to the inspector whenever required. 

13. Castings which show injurious defects subsequent to their acceptance 
at the manufacturer’s works may be rejected, and if rejected, shall be replaced 
by the manufacturer without charge to the purchaser. 


STANDARD SPECIFICATIONS FOR CARBON STEEL CASTINGS 
A.S.T.M. Designation: A27-24 

1 . These specifications cover steel castings for general service and for ships. 
Two classes of castings are covered, namely: 

Class A, castings for which no physical requirements are specified. 

Class B, castings for which physical requirements are specified. These are 
of three grades: hard, medium, and soft. 

MANUFACTURE 

2. The steel shall be made by one or more of the following processes: open- 
hearth, electric-furnace, converter, or crucible. 

3. (a) Class A castings need not receive any heat treatment unless so speci¬ 
fied, or unless the carbon content exceeds 0.30 per cent. 

(b) Class A castings in which the carbon content is over 0.30 per cent and 
all class B castings shall receive a heat treatment proper to the design and 
chemical composition of the castings. 

(c) Heat treatment, unless otherwise specified by the purchaser, may con¬ 
sist of annealing, or of normalizing, or of normalizing followed by annealing, or 
of normalizing followed by a draw-back to a temperature below the critical 
range. No castings which have been quenched in any liquid medium shall be 
offered under these specifications. 

(d) Annealing. The procedure for annealing shall consist in allowing the 
castings to cool after pouring, to a temperature below the critical range. They 
shall then be uniformly reheated to the proper temperature to refine the grain, 
and allowed to cool uniformly in the furnace. 

(e) Normalizing . The procedure for normalizing shall consist in allowing 
the castings to cool after pouring, to a temperature below the critical range. 
They shall then be reheated to the proper temperature to refine the grain and 
allowed to cool in still air. 

CHEMICAL PROPERTIES AND TESTS 

4. The steel shall conform to the following requirements as to chemical 


composition: 

Class A Class B 

Carbon. not over 0.45 per cent . 

Phosphorus (Acid). not over 0.07 per cent not over 0.06 per cent 

(Basic)... not over 0.06 per cent not over 0.05 per cent 

Sulphur... not over 0.06 per cent 
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5 . An analysis of each melt of steel shall be made by the manufacturer to 
determine the percentages of the elements specified in Section 4. This analy¬ 
sis shall be made from drillings taken at least \ inch beneath the surface of a 
test ingot obtained during the pouring of the melt. The chemical composition 
thus determined shall be reported to the purchaser or his representative, and 
shall conform to the requirements specified in Section 4. 

6 . (a) Analyses of Class A castings may be made by the purchaser. The 
phosphorus content thus determined shall not exceed that specified in Section 4 
by more than 20 per cent. Samples for analysis shall be taken not less than 
4 - inch beneath the surface, and in such a way as not to destroy the castings. 

(b) Analyses of Class B castings may be made by the purchaser from a 
broken tension test specimen. The phosphorus and sulphur content thus de¬ 
termined shall not exceed that specified in Section 4 by more than 20 per cent. 


PHYSICAL PROPERTIES AND TESTS 
(For Class B Castings Only) 


7. (a) The castings shall conform to the following minimum requirements 
as to tensile properties: 


Hard 

Tensile strength, lb. per sq. in.. 80,000 

Yield point, lb. per sq. in. 0.45 tens. str. 

Elongation in 2 in., per cent. . . 17 

Reduction of area, per cent.... 25 


Medium 

70,000 

0.45 tens. str. 
20 
30 


Soft 

60,000 


0.45 tens. str. 
24 
35 


(b) The yield point shall be determined by the drop of the beam of the 
testing machine. 

8 . (a) Bend tests shall not be required for castings of the hard grade, and 
shall be required for castings of the medium and soft grades only when so 
specified in the order. 

(b) When a bend test is specified, the test specimen shall stand being bent 
cold without cracking on the outside of the bent portion, around a pin 1 inch 
in diameter through the following angles: 


Hard Medium Soft 

Angle of bend. .. No bend test 90 deg. 120 deg. 

9. The tensile properties of the castings shall be determined from test bars 
unless in the case of castings weighing not over 150 pounds the manufacturer 
desires to offer, as an alternative, tests to destruction. Upon agreement with 
the inspector, the castings shall be grouped in lots, each lot containing castings 
from the same melt and from the same heat-treatment charge, and the inspector 
shall select from each lot one casting to represent the lot. The representative 
casting shall be tested to destruction as a substitute for the tension test. This 
test shall show the material to be ductile and free from injurious defects. 

10 . (a) Tension and bend test specimens shall be taken from test bars cast 
attached to the castings where practicable. If the design of the castings is 
such that test bars should not be attached to the castings, the test bars shall 
be cast attached to special blocks, of which a sufficient number shall be pro¬ 
vided for each lot of castings. Test bars from which tension and bend test 
specimens are to be taken shali remain attached to the castings or blocks they 
represent through heat treatment and until presented for inspection. Test 
bars shall be provided in sufficient numbers to furnish the tests required in 
Section 11 . 
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(b) If satisfactory to the manufacturer and inspector, tension test speci¬ 
mens may be cut from heat-treated castings instead of from test bars. 

(c) Tension test specimens shall conform to the dimensions shown in Fig. 
165. The ends shall be of a form to fit the holders of the testing machine in 
such a way that the load shall be axial. 

(d) Bend test specimens shall be machined to 1 by \ inch in section with 
the corners rounded to a radius of not over inch. 

11. (a) One tension test and, when specified, one bend test shall be made 
from each melt in each heat-treatment charge, and when specified, from each 
casting weighing 500 pounds or over. 

(b) If any test specimen shows defective machining or develops flaws, it 
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Fig. 165 . —Tension Test Specimen 


may be discarded; in which case another specimen from the same lot shall be 
substituted. 

(c) If the percentage of elongation of any tension test specimen is less than 
that specified in Section 7 (a) and any part of the fracture is more than f inch 
from the center of the gage length, as indicated by scribe scratches marked on 
the specimen before testing, a retest shall be allowed. 

12. If the results of the physical test for any lot do not conform to the 
requirements specified, such lot may be re-treated, but not more than twice. 
Retests shall be made as specified in Sections 7 and 8. 


WORKMANSHIP AND FINISH 

13. The castings shall conform substantially to the shapes and sizes indi¬ 
cated by the patterns and drawings submitted by the purchaser. 

14. (a) The castings shall be free from injurious defects. 

(b) Defects which do not impair the strength of the castings may be welded 
by an approved process. The defects shall be cleaned out to solid metal, 
before welding, and when so required by the inspector, shall be submitted to 
him in this condition for his approval. When required by the inspector, im¬ 
portant castings shall be heat treated after welding. 


INSPECTION AND REJECTION 

15. (a) The inspector representing the purchaser shall have free entry, at 
all times while work on the contract of the purchaser is being performed, to 
all parts of the manufacturer’s works which concern the manufacture of the 
castings ordered. The manufacturer shall afford the inspector, without charge, 
all reasonable facilities to satisfy him that the castings are being furnished in 
accordance with these specifications. 
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(b) If, in the case of important castings for special purposes, surface inspec¬ 
tion in the green state is required, this shall be so specified in the order. 

(c) All tests (except check analyses) and inspection shall be made at the 
place of manufacture prior to shipment unless otherwise specified, and shall be 
so conducted as not to interfere unnecessarily with the operation of the works. 

16. (a) Unless otherwise specified, any rejection based on tests made in 
accordance with Section 6 shall be reported within five working days from the 
receipt of samples. 

(b) Castings which show injurious defects subsequent to their acceptance at 
the manufacturer's works will be rejected and the manufacturer shall be notified. 

17. Samples tested in accordance with Section 6, which represent rejected 
castings, shall be preserved for two weeks from the date of the test report. 
In case of dissatisfaction with the results of the tests, the manufacturer may 
make claim for a rehearing within that time. 


SPECIAL REQUIREMENTS FOR CASTINGS FOR SHIPS 

18. In addition to the preceding requirements, castings for ships, when so 
specified shall conform to the following requirements: 

19. All castings shall be of Class B, medium or soft grade, and shall receive 
a proper heat treatment. 

20. (a) One tension and one bend test shall be made from each of the fol¬ 
lowing castings: stern frames, stern posts, twin screw spectacle frames, propeller 
shaft brackets, rudders, steering quadrants, tillers, stems, anchors, and other 
castings when specified. 

(b) When a casting is made from more than one melt, four tension and four 
bend tests shall be made from each casting. 

21. (a) A percussion test shall be made on each of the following castings: 
stern frames, stern posts, twin screw spectacle frames, propeller shaft brackets, 
rudders, steering quadrants, tillers, stems, anchors, and other castings when 
specified. 

(b) For this test, the casting shall be suspended by chains and hammered 
all over with a hammer of a weight approved by the purchaser or his represen¬ 
tative. If cracks, flaws, defects, or weakness appear after such test, the cast¬ 
ing may be rejected. 


STANDARD SPECIFICATIONS FOR COMPOSITION BRASS OR 
OUNCE METAL SAND CASTINGS 

A.S.T.M. Designation: B62-28 

1. These specifications cover alloy castings, the alloy being a composition 
of copper, tin, lead, and zinc, known commercially as composition metal, 
85-5-5-5 or ounce metal. Castings of this alloy are commonly used in hydro¬ 
static pressures up to 350 lb. per sq. in. 

'MANUFACTURE 

2. (a) The alloy may be made by any approved method. 

(b) The castings shall be of uniform quality. 
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CHEMICAL PROPERTIES AND TESTS 


3. (a) The alloy shall conform to the following requirements as to chemical 
composition: 

Desired Minimum Maximum 

Copper, per cent. 

85.00 

84.00 

86.00 

Tin, per cent. 

Lead, per cent. 

5.00 

4.00 

6.00 

5.00 

4.00 

6.00 

Zinc, per cent. 

5.00 

4.00 

6.00 

Iron, per cent. 

none 


0.25 

Nickel, per cent. 



0.75 

Phosphorus, per cent. 

none 


0.05 

Aluminum, per cent. 

none 


none 

Sulphur, per cent. 



0.05 

Antimony, per cent. 



0.25 

Total other impurities, per cent. 



0.15 

(b) Where “none” is specified, it shall be 

construed to 

refer to none as 


determined on a 10-g. sample. 

4. (a) An analysis of each melt may be made at the option of the purchaser 
and at his own expense. 

(b) The sample for chemical analysis shall be taken from cuttings from the 
test bars. 


PHYSICAL PROPERTIES AND TESTS 

5. (a) Where desired by the purchaser and so specified in the contract or 
purchase order, the alloy shall conform to the following minimum requirements 
as to tensile properties: 


Tensile strength, lb. per sq. in. 26,000 

Yield point, lb. per sq. in. 12,000 

Elongation in 2 in., per cent. 15 


(b) Where physical requirements are not specified in the contract or pur¬ 
chase order, a fracture of the test specimens shall be made and the fractured 
surface shall indicate the soundness and uniformity of the metal upon examina¬ 
tion with the naked eye. If the test bars do not indicate a uniform soundness 
and quality of metal, the castings may be rejected. 

(c) The yield point shall be determined as the stress producing an elonga¬ 
tion under load of 0.5 per cent, that is, 0.01 inch in a gage length of 2 inches. 

(d) Castings made from this alloy shall conform to such requirements as to 
pressure tests as may be mutually agreed upon between the purchaser and the 
manufacturer and as specified in the contract or purchase order. 

6. (a) The tension test specimen shall be machined from coupons to the 
dimensions shown in Fig. 166. The ends shall be of a form to fit the holders 
of the testing machine in such a way that the load shall be axial. 

(b) The coupon attached to the casting shall be in accordance with the 
dimensions shown in Fig. 167. The fin gate along the side shall be not less 
than A inch in thickness at any point along it$ length. 

7. (a) Each casting weighing 250 pounds or‘more shall have, if practicable, 
at least one test coupon attached. The responsibility of furnishing sufficient 
test specimens shall rest with the manufacturer. 

(b) In the case of castings weighing less than 250 pounds each, at least one 
test coupon shall, 4f practicable, be attached to one or more castings from 
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each melt or heat or from such groups of melts or heats as the purchaser may 
specify, but in no case shall a lot consist of more than 1,000 pounds of castings. 

(c) In the case of castings where, in the opinion of the inspector, it is im¬ 
practicable to attach a test coupon to the casting, bars shall be cast separately 
in sand. At least one test bar shall be poured from each melt or heat of metal, 
or such groups of melts or heats as the purchaser may specify, but in no case 




Fig. 167. —Tension Test Specimen 


shall a lot consist of more than 1,000 pounds of castings. The bars shall be 
cast from the first metal poured from the heat, and the inspector shall witness 
the pouring of the test mold. 

(d) If any test specimen shows defective machining or reveals casting de¬ 
fects, it may be discarded and replaced .by another specimen selected by the 
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inspector. If additional test coupons are not available, the replacement speci¬ 
men may be taken from the body of a casting selected by the inspector to 
represent the lot. 

WORKMANSHIP AND FINISH 

8. (a) The castings shall be free from blow holes, porosity, hard spots, 
shrinkage defects or cracks, or other injurious defects and shall be smooth and 
well cleaned, before inspection, by sand blasting, tumbling, chipping, or other 
process approved by the inspector. 

(b) The castings shall not be repaired, plugged, welded, or “ burned in,” 
unless permission from the inspector has been secured previously. This per¬ 
mission will be given only when the defects are such that after the approved 
repair the usefulness and strength of the casting has not been impaired. Each 
such repair shall be encircled by a ring of white paint at the time of shipment. 

(c) All castings shall be true to pattern, free from swells, etc. Wall thick¬ 
ness shall be uniform throughout the lot of castings and all cores shall be set 
accurately. 

(d) Where thick and thin sections join, the manufacturer shall be permitted 
to add (where not previously provided) fillets of proper size to avoid cracking 
upon cooling, subject to the approval of the inspector. 

MARKING 

9. The castings shall be marked with pattern or mark number, and when 
practicable with the melt or lot number, at a position on the castings where 
they will not be machined off in manufacture to finished dimensions. 

INSPECTION AND REJECTION 

10. (a) Inspection may be made at the manufacturer’s works or at the 
point of delivery. Inspection shall be made at the option of the purchaser. 

(b) If the purchaser elects to have the inspection made at the manufac¬ 
turer’s works, the inspector representing the purchaser shall have free entry, 
at all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture of the 
material ordered. The manufacturer shall afford the inspector, without charge, 
all reasonable facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests and inspection shall be so con¬ 
ducted as not to interfere unnecessarily with the operation of the works. 

11. Castings which show injurious defects revealed by machining operations 
subsequent to acceptance may be rejected, and if rejected, shall be replaced 
by the manufacturer without charge to the purchaser. The full weight of the 
original material rejected shall be returned to the manufacturer. 


STANDARD SPECIFICATIONS FOR ALUMINUM-BASE ALLOY 
SAND CASTINGS 

A.S.T.M. Designation: B26-33T 

1. These .specifications cover commercial aluminum-base alloy sand castings 
having a specific gravity of 3 and less. Nine alloys are specified and are desig¬ 
nated Alloys B, C, E, F, G, GG, H, J, and K. 
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MANUFACTURE 

2. The alloy may be made by any approved method. 

CHEMICAL COMPOSITION AND TESTS 

3. The alloys shall conform to the requirements as to chemical composition 
specified in Table XXIII (see Explanatory Notes). 

4. (a) The sample for chemical analysis may be taken either by sawing, 

Table XXIII 

Chemical Compositions of Aluminum-Base Alloy Sand Castings * 


Alloy 

Aluminum, 

% 

Copper, 

% 

Iron, 

% 

Silicon, 

% 

Magnesium, 

% 

Manga¬ 

nese 

Max., 

% 

Zinc 

Max., 

% 

Other 

Impu¬ 

rities 

Max.. 

% 

B 

Remainder 

7 to 8.5 

0.8 to 1.4 

1 to 1.5 

0.05 max. 

0.3 

0.2 

0.3 

C 

86.5 min. 

6 to 8 

1.5 max. 

1 to 3 

0.05 max. 

0.3 

2.2 

1.0 

E 

Remainder 

11 to 13 

3.2 max. 

1 max. 

0.05 max. 

0.3 

0.2 

0.3 

F 

Remainder 

9.25 to 









10.75 

1.5 max. 


0.15 to 0.35 

0.3 

0.2 

0.3 

G 

Remainder 

4 to 5 

1.2 max. 

1.2 max. 

0.02 max. 

0.3 

0.2 

0.2 

GG 

Remainder 

4.5 

1.2 max. 

1.2 max. 

0.3 max. 

0.3 

0.2 

0.2 

H 

Remainder 

3.5 to 4.5 

1 max. 

0.7 max. 

1.2 to 1.7 

0.3 

0.1 

0.3 

J 

Remainder 

0.4 max. 

0.8 max. 

4.5 to 6 

0.05 max. 

0.3 

0.2 

0.3 

K 

Remainder 

0.3 max. 

0.8 max. 

12 to 13 

0.05 max. 

0.5 

0.2 

0.3 


♦Data from A.S.T.M. Specifications, Designation: B26-33T. 


drilling, or milling the casting or tension test specimen and shall represent the 
average cross section of the piece. 

(b) The saw, drill, cutter, or other tool used shall be thoroughly cleaned. 
No lubricant shall be used in the operation, and the sawings or metal chips shall 
be carefully treated with a magnet to remove any particles of iron introduced 
in taking the sample. 

PHYSICAL PROPERTIES AND TESTS 

5. The alloys shall conform to the minimum requirements as to tensile prop¬ 
erties specified in Table XXIV. 

6. The test bars shall be separately cast in green sand and shall be “cast 
to size” according to the dimensions shown in Fig. 168. If the;^astings are 
heat treated, the test bars representing such castings shall be similarly heat 
treated. They shall not be machined prior to test except to adapt the grips 
to the holders of the testing machine in such a manner as to insure &§ axial load. 

7. (a) The tests shall, so far as possible, be made by heats melts but, 

unless otherwise agreed upon, two tension tests shall be made foyfcach unit of 
500 lb. or fraction thereof. ' 
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Table XXIV 


Physical Properties of Aluminum-Base Alloy Sand Castings * 


Alloy 

Tensile Strength, 
Minimum, 

Lb. per Sq. In. 

Elongation in 

2 In., 

Minimum, % 

B. 

19,000 


c. 

19,000 


E. 

19,000 


F. 

19,000 


f Heat Treatment No. 1. 

28,000 

6 

G | Heat Treatment No. 2. 

30,000 

3 

( Heat Treatment No. 3. 

36,000 

. . 

GG Heat Treated. 

36,000 


H Heat Treated. 

32,000 


J. 

17,000 

3 

K. 

24,000 

5 


* Data from A.S.T.M. Specifications, Designation: B26-33T. 



(b) If any test specimen shows defective machining or develops flaws, it 
may be discarded; in which case the manufacturer and the purchaser or his 
representative shall agree , upon the selection of another specimen in its stead. 

INSPECTION AND REJECTION 

8. (a) Inspection may ; be made at the manufacturer’s works where the 
castings are made, or at the point at which they are received, at the option of 
the purchaser. S'- 

(b) If the purchaser elects to have inspection made at the manufacturer’s 
works, the inspector representing the purchaser shall have free entry, at all 
times whili&vork on the contract of the purchaser is being performed, to all 
parts of thil^pianufacturer’s works which concern the manufacture of the ma¬ 
terial ordered. The manufacturer shall afford the inspector, without charge, 
all reasonabifc facilities to satisfy him that the material is being furnished in 
accordance^sath these specifications. . All tests and inspection shall be so con¬ 
ducted as to interfere unnecessarily with the operation of the works. 
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9. Castings which show injurious defects revealed by machining operations 
subsequent to acceptance may be rejected, and if rejected shall be replaced 
by the manufacturer without charge to the purchaser. The full weight of the 
original material rejected shall be returned to the manufacturer. 


EXPLANATORY NOTES 

Alloy B .—This alloy has a specific gravity of about 2.83. The pattern 
shrinkage is about 0.156 (^) in. per ft. It is superseding Alloy A as it pos¬ 
sesses better casting characteristics, especially in the more difficult work where 
higher pouring temperatures than those usually employed are found necessary. 
The tendency towards cracks and shrinks is considerably overcome by the 
careful control of the iron and silicon contents. This alloy is used for general 
casting purposes. 

Alloy C .—The specific gravity of this alloy is about 2.83 to 2.86. The 
pattern shrinkage is about 0.156 (■&) in. per ft. It has somewhat better ma¬ 
chining qualities than Alloy B. It is used for about the same purposes as 
Alloy B, particularly for automotive work, such as crank and transmission cases 
and similar parts. 

Alloy E .—This alloy has a specific gravity of about 2.95 and the pattern 
shrinkage is 0.156 (^) in. per ft. It is used for pumps, manifolds, and general 
castings which should be leak proof. The high copper content makes the 
alloy more brittle and lowers its shock resistance. 

Alloy F .—The specific gravity of this alloy is about 2.90 and the pattern 
shrinkage about 0.156 (^) in. per ft. The alloy is used for pistons, cylinder 
heads, valve guides, and bearings or other parts where hardness and good bear¬ 
ing qualities are essential. Together with Alloy H it possesses the property of 
retaining at higher temperatures a greater percentage of its room temperature 
strength than any other alloy in this group. This alloy may be heat treated, 
in which case substantially higher strength and hardness or other desirable 
characteristics are obtained. 

Alloy G .—This alloy has a specific gravity of about 2.78. It is for general 
casting purposes where a combination of lightness, higher strength, and ductility 
is desired. The various strengths are obtained through different heat treat¬ 
ments. Heat Treatment No. 1 gives maximum elongation and resistance to 
shock. It is a solution heat treatment and may be si>ecified where the most 
rugged service is required. An aging effect takes place on standing which 
increases the strength and slightly decreases the elongation. Heat Treatment 
No. 2 is a solution and precipitation heat treatment, and should be specified 
where a higher initial strength, yield point, and hardness are desired. Heat 
Treatment No. 3 should be specified where the highest strength and hardness 
are desired and lower ductility is not objectionable. This alloy with the vari¬ 
ous heat treatments is used in general for high strength parts in street cars and 
busses, parts for internal combustion engines, outboard motor parts, and other 
marine castings. 

Alloy GG .—This alloy is used in the heat-treated condition where high 
strength and maximum hardness are desired, such as bearing caps. 

Alloy HL >—The specific gravity of this alloy is about 2.80. It is usually 
employed in the heat-treated condition. The alloy is used for pistons, cylinder 
heads, valve guides, and bearings, or other parts where hardness or good bearing 
qualities are essential. Together with Alloy F it possesses the property of 
retaining at higher temperatures a greater percentage of its room-temperature 
strength than any other alloy in this group. 
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Alloy J .—This alloy is somewhat lighter than aluminum, having a specific 
gravity of about 2.69. It withstands corrosion better than the copper alloys. 
The free flowing property of the alloy when molten makes it easier to pour 
castings of thin section or intricate design. Its leak-proof properties are valu¬ 
able where pressure tightness is essential. It has a lower strength and yield 
point than the copper alloys and poorer machining qualities. It is especially 
suitable for automobile body parts, cooking utensils, architectural and marine 
castings. 

Alloy K .—The specific gravity of this alloy is about 2.68. Immediately 
before pouring, the alloy is treated by a process called “modification.” Its 
corrosion resistance is good, especially to salt water. It has good foundry 
characteristics and can be used for castings having both thin and heavy sec¬ 
tions. It is not as readily machined and has a lower yield point in proportion 
to tensile strength than most of the copper alloys. It is used for marine cast¬ 
ings, bus, street car, and engine parts, and for thin castings such as radiators, 
small motor housings, and meter cases. 
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Table XXV 


Chemical Compositions of Copper-Base Alloys * 


Alloy 

Copper, 

Tin, 

Lead, ! 

Zinc, 

No. 

% 

% 

% 

% 


Bronze Alloys 


1 

89 

6 

2 

3 

2 

86 

10 

2 

2 

3 

86 

8 

2 

4 


Red Brass Alloys 


4 

85 

5 

5 

5 

5 

85 

5 

5 

5 

6 

83 

7 

7 

3 


Semi-Red Brass Alloys 


7 

84 

3 

3 

10 

8 

83 

4 

6 

7 

9 

80.5 

3 

7 

9.5 

10 

78.5 

3 

5 

13.5 


Yellow Brass Alloys 


11 

71.5 

1.5 

3 

- 24 

12 


0 . 

3 

27 

13 

67 

0 

2 

31 

14 

63 

$; 

L*. 

2 

35 


High^Lead Alloys 


15 

85 

5 

! 

i - 9? 

1 

16 

80 

- 10 

10 

0 

17 

79 

& 10 

10 

1 

18 ‘ 

75.5 

8 

15 

1.5 

19 

74.5 

4.5 

17 

4 

20 

73 

6 

20 

1 


* Data from A.S.T.M. Specifications, Designation: B30-36. 
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Table XXVI 

Properties of Copper-Base Alloys * 


Alloy 

No. 

Tensile Strength, 
Lb. per Sq. In. 

Elonga¬ 
tion in 

2 Inches, 
Per Cent 

Reduc¬ 
tion of 
Area, 

Per Cent 

Brinell 
Hardness 
Number 
500 Kg. 

Weight 
Lb. per 
Cubic 
Foot 

1 

30,000 to 40,000 

15 to 30 

15 to 30 

44 to 48 

535 

2 

32,000 to 38,000 

15 to 20 

15 to 20 

55 to 65 

535 

3 

30,000 to 36,000 

25 to 30 

25 to 30 

55 to 65 

535 

4 

27,000 to 33,000 

15 to 20 

15 to 20 

i 

50 to 60 

535 

5 

27,000 to 33,000 

15 to 20 

15 to 20 

50 to 60 

535 

6 

26,000 to 32,000 

13 to 19 

14 to 21 

50 to 60 

540 

7 

31,000 to 37,000 

25 to 35 

20 to 30 

50 to 60 

535 

8 

29,000 to 35,000 

25 to 35 

20 to 30 

40 to 50 

535 

9 

22,000 to 28,000 

10 to 15 

10 to 15 

50 to 55 

540 


25,000 to 30,000 

15 to 25 

20 to 25 

45 to 55 

540 

11 

30,000 to 35,000 

35 to 45 

25 to 35 

40 to 50 

535 

12 

30,000 to 35,000 

25 to 35 

20 to 30 

40 to 50 

535 

13 

30,000 to 35,000 

25 to 35 

20 to 30 

40 to 50 

533 

14 

30,000 to 45,000 

15 to 25 

20 to 30 

40 to 50 

500 

15 

25,000 to 31,000 

8 to 13 ; ' 

- -V- 

7 to 13 

45 to 55 

540 

16 


7 to 12 

8 to 13 

47 to 52 

553 

17 



7 to 12 

47 to 52 

553 

18 


10 to 17 

m to 16 

45 to 50 

570 

19 

25,000 to 30,900 

10 to 15 

Tito 13 

47 to 52 

570 

20 

22,000 to 27,000 

10 to 16 

7 to 13 

42 to 47 

570 


♦ Data from Appendix to A.S.T.M. Specifications, Designation: B30-36. 
Not*: The chemical compositions of these alloys are given in Table XXV, 
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Table XXVII 

Compositions and Physical Properties of White-Metal Bearing Alloys * 


(From Appendix to Standard Specifications A.S.T.M. Designation: B23-26) 


Alloy 

Number 

Cop¬ 

per, 

% 

Tin, 

% 

Anti¬ 

mony 

cr 
/ 0 

Lead, 

or 

Specific 

Gravity 

Yield Point, 
Lb. per 

Sq. In. 

Brinell 

Hardness 

Melting 

Range, 

Pouring 

Temp., 

°F. 

68°F. 

212°F 

68°F. 

212°F 

°F. 

1 Specified 

4.5 

91.0 

4.5 









1 Tested 

4.56 

90.9 

4.52 

0 

7.34 

4,400 

2,650 

17.0 

8.0 

433 

825 

2 Specified 

3.5 

89.0 

7.5 









2 Tested 

3.1 

89.2 

7.4 

0.03 

7.39 

6,100 

3,000 

24.5 

12.0 

466-669 

795 

3 Specified 

8.3 

83.4 

8.3 









3 Tested 

8.3 

83.4 

8.2 

0.03 

7.46 

6,600 

3,150 

27.0 

14.5 

464-792 

915 

4 Specified 

3.0 

75.0 

12.0 

10.0 








4 Tested 

3.0 

75.0 

11.6 

10.2 

7.52 

5,550 

2,150 

24.5 

12.0 

363-583 

710 

5 Specified 

2.0 

65.0 

15.0 

18.0 








5 Tested 

2.0 

65.5 

14.1 

18.2 

7.75 

5,050 

2,150 

22.5 

10.0 

358-565 

690 

6 Specified 

1.5 

20.0 

15.0 

63.5 








6 Tested 

1.5 

19.8 

14.6 

63.7 

9.33 

3,800 

2,050 

21.0 

10.5 

358-531 

655 

7 Specified 


10.0 

15.0 

75.0 








7 Tested 

0.11 

10.0 

14.5 

75.0 

9.73 

3,550 

1,600 

22.5 

10.5 

464-514 

640 

8 Specified 


5.0 

15.0 

80.0 








8 Tested 

0.14 

5.2 

14.9 

79.4 

10.04 

3,400 

1,750 

20.0 

9.5 

459-522 

645 

9 Specified 


5.0 

10.0 

85.0 








9 Tested 

0.06 

5.0 

9.9 

84.6 

10.24 

3,400 

1,550 

19.0 

8.5 

459-493 

620 

10 Specified 


2.0 

15.0 

83.0 








10 Tested 

0.12 

2.05 

15.7 

82.0 

10.07 

3,350 

1,850 

17.5 

9.0 

468-507 

630 

11 Specified 



15.0 

85.0 








11 Tested 

0.19 

0.09 

14.8 

84.7 

10.28 

3,050 

1,400 

15.0 

7.0 

471-504 

630 

12 Specified 



10.0 

90.0 

* 







12 Tested 

0.12 

0.11 

9.9 

89.4 

10.67 

2,800 

1,250 

14.5 

6.5 

473-498 

625 


Notes: The compression test specimens were cylinders 1$ incites in length and \ inch in diameter, 
machined from chill castings 2 inches in length and 1 inch in diameter. The Brinell tests were made 
on the bottom face of parallel machined specimens cast in a 2-inch diameter by |-inch;4eep steel mold 
at room temperature. The values for yield point were taken from stresB-strain curves at a deforma¬ 
tion of 0.125 per cent reduction of gage length. The Brinell values are the average or three tests on 
each alloy using a 10-millimeter ball and a 500-kilogram load applied for 30 seconds. 

* Data from tests made at the Bureau of Standards. 
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MOISTURE CONTENT OF MOLDING SANDS 

The properties of molding sands are affected to a large extent by the mois¬ 
ture content of the sand. It is therefore important to control the proportion 
of moisture in the molding sand used in foundries. The moisture content is 
always expressed as a percentage of the weight of the wet sand. 

Instructions for Determination of Moisture 

1. Weight out 100.0 grams of a representative sample of sand on a balance 
which is sensitive to 0.1 gram. 

2. Transfer this sand to a shallow pan and dry for 1 hour at 220 to 230 
degrees F. 

3. Cover the pan or place it in a desiccator until the sand is at room tem¬ 
perature. 

4. Weigh the sand immediately and compute the moisture content as follows: 
100.0 minus the net weight of dry sand in grams equals the percentage of 
moisture in the sample. 

Note: This dry sand may be used in the determinations of clay content 
and grain fineness. 

CLAY CONTENT AND GRAIN FINENESS OF MOLDING SANDS 

The method for determining the clay content of molding sands consists of 
agitating the sand in water so as to separate the clay from the sand particles 
and then removing the clay which remains suspended in the water. The ma¬ 
terial which fails to settle a distance of 5 inches within a period of 5 minutes in 
distilled water at room temperature is designated as clay substance The sand 
remaining from the clay determination is passed through a series of sieves to 
separate the grains of different sizes. 

Description of Sand-Washing Apparatus 

The sand-washing apparatus shown in Fig. 169 has a stand for holding six 
tail-form beakers of 1-liter capacity, a circular base supporting the stand, an 
electrically operated stirrer, and a siphon. The stand rotates on the base so as 
to make all beakers accessible from any position. The stirring motor is at¬ 
tached to a bracket which can be raised or lowered in the central post of the 
stand. A guide on the top of the post is used to index the position of the stirrer 
so that it can be lowered only in one of the six positions for the beakers. Fur¬ 
thermore, the motor support can be locked in any one of six positions above the 
beakers. These provisions assist in handling the stirring motor in a way which 
will prevent breaking the glass beakers. The shaft of the stirrer carries one 
blade for agitating the mixtures. A circular disk at the end of the shaft aids 
in supporting the blade. The sand particles set in motion by the blade which 
is operated at a speed of 7,000 revolutions per minute impinge on eight vertical 
baffles located around the wall of the beaker. The siphon which is used to 
remove the .wash water from the beakers can be mounted at the end of each 
arm on the *£tand so that the inlet is 1 inch from the bottom of the beaker. 
The siphon? action is started by first compressing the rubber bulb, then closing 
the outlet end of the tube with one finger and releasing the bulb. As an aid in 
obtaining the correct water levels in the beakers, two pointers are provided for 
each beaker on the stand; the lower pointers indicate the height of 500 cubic 
centimeters of water in the beakers; the upper pointers indicate the distance of 
6 inches from the bottom of the beakers. 
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Instructions for Determination of Clay 

1. Weigh out 50.0 grams of dried sand, and transfer this sample to one of 
the beakers of the sand-washing apparatus. 

2. Add 25 cubic centimeters of sodium hydroxide solution to the beaker, 
and then distilled water until the level of the lower pointer is reached. 


3. 

4. 




Remove the baffles and stirrer, washing all Sand from these parts into the 
beaker with distilled water. Add distilled water to the level of the upper 
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pointer, washing down the sides of the beaker as the water is added. 
Allow this mixture to stand for 10 minutes. 

5. Place the siphon in the beaker, and draw off the water to within 1 inch 
of the bottom. 

6. Remove the siphon and add distilled water to the beaker until the level 
of the upper pointer is reached. Stir the mixture well with a stirring 
rod which has a rubber tip on the end. Allow this mixture to stand for 
5 minutes, and again siphon off the water to within 1 inch of the bottom. 

7. Repeat operation 6 until the water in the beaker becomes clear for a 
depth of 5 inches after standing for 5 minutes. 

8. Pour off as much clear water as possible from the beaker without disturb¬ 
ing the sand residue. Place the beaker containing the wet sand on a 
hot plate or remove the sand from the beaker to a shallow dish, and 
allow the moisture to evaporate gradually. 

9. After the dried sand has cooled to room temperature, transfer it to a 
scale pan and weigh. The difference between the weight of the original 
sample and the remaining washed sand is the amount of clay substance. 


[50.0 — weight of washed sand] X 100 
50.0 


= percentage of clay substance 


Instructions for Determination of Grain Fineness 

1. Place the dry washed sand from the clay determination on the upper or 
coarsest sieve in a set of standard sieves. A pan at the bottom of the 
set is used to collect the material which passes through the 270-mesh sieve. 


A.F.A. Sieve Series 


U. S. Bureau of Standards Sizes 


Sieve Number 


Opening in Inch 

6. 


. 0.1320 

12. 


. 0.0661 

20. 


. 0.0331 

30. 


. 0.0232 

40. 


. 0.0165 

50. 


. 0.0117 

70. 


. 0.0083 

100. 


. 0.0059 

140...:.;,. 


. 0.0041 

200 ... . 


. 0.0029 

270.. . 


. 0.0021 


2. Shake the sieves fiG^'^phanical shaker for 15 minutes. 

3. Weigh the sand reajaJnlng on each sieve and on the pan. 

4. Compute the A fineness nlibber as follows: (a) multiply the 

weight of sand renaming on each sieafe and on the pan by the factors 
listed /below, (b) a^d^ these products, ~jc) divide this sum by the total 
weighf/of the sample V 


rs for CosiflHkiNa A.F.A. Grain Fineness Number 


Multiply the weight of saiffion sieve number 6 by 3, on 12 by 5, on 20by 10, 
on 30 by 20, on 40 by 30, on 50*by 40, on 70 by 50, on 100 by 70, on 140 by 100, 
on 200 by 140, on 270 by 200, and on the pan by 300. 

5. Classify the sand on the basis of the A.F.A. grain size and clay class. 
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A.F.A. Classification A.F.A. Classification 

of Grain Fineness of Clay Content 


Grain Fineness 

Grain Size 

Percentage of Clay 


Numbers Between 

Class 

Substance in Sand 

Clay Class 

300 and 200. 

.. No. 

1 

0.0 to 

0.5. 

.... A 

200 and 140. 

.. No. 

2 

0.5 to 

2.0. 

.... B 

140 and 100. 

.. No. 

3 

2.0 to 

5.0. 

.... C 

100 and 70. 

.. No. 

4 

5.0 to 

10.0. 

... D 

70 and 50. 

.. No. 

5 

10.0 to 

15.0. 

.... E 

50 and 40. 

.. No. 

6 

15.0 to 

20.0. 

.... F 

40 and 30. 

.. No. 

7 

20.0 to 

30.0. 

.... G 

30 and 20. 

.. No. 

8 

30.0 to 

45.0. 

.... H 

20 and 15. 

.. No. 

9 

45.0 to 

60.0. 

.... I 

15 and 10. 

.. No. 

10 

60.0 to 100.0. 

.... J 


PERMEABILITY OF 
MOLDING SANDS 

In testing molding sands for 
permeability, the rate is de¬ 
termined at which a definite 
volume of air under a given 
pressure passes through a stan¬ 
dard specimen of the sand. 
Test specimens 2 inches in 
diameter and 2 inches (zt ^ 
inch) high are prepared and 
tested within a cylindrical tube. 

Description of Sand Rammer 

The sand rammer used in 
preparing specimens for the 
permeability test, as well as for 
the compressive-strength test, 
is shown in Fig. 170. This 
equipment consists of the speci¬ 
men container within which 
the sand is rammed, the pedes¬ 
tal on which the container 
rests when the sand is being 
rammed, the jammer head 
which slides within the speci¬ 
men container, the rammer 
weight which has a maximum 
travel on a steel shaft of 2 
inches, and a limit gage on the 
upper bracket of. the column. 
The A.F.A . specifications re¬ 
quire 14 pounds fir the rammer 
5 weight and a total weight of 
VJ\ pounds for all the moving parts of the rammer. The rammer weight is de¬ 
signed so that it can .be easily gripped and released by the hands. 



Fig. 


1 7Q.-"“-Sand Rammer and Compressive- 
Strength Tester 
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Instructions for Preparation of Test Specimens 

1. Place the specimen container on the pedestal, and put sufficient sand 
(about 150 grams) in the container, which will produce a specimen 2 inches 
high with a tolerance of d= ^ inch when rammed. 

2. Place the pedestal and the container on the post. 

3. Lower the rammer assembly gently with the rammer head in the con¬ 
tainer until the total weight of the moving parts is supported by the sand. 

4. Raise only the rammer weight to the upper stop, and let the weight fall 
freely on the lower stop. Repeat this operation for a total of three 
impacts. 

5. Observe whether the height of specimen is now within the tolerances 
of the limit gage. The top of the disk should be at or above the top 
of the short pin, or at or below the top of the long pin. If the speci¬ 
men is not within the prescribed limits, discard the specimen and put 
other sand in the container in sufficient quantity to produce a standard 
specimen. 

6. Lift the rammer head from the container, and remove the container from 
the pedestal. 

Description of Permeability Apparatus 

The permeability apparatus shown in Fig. 171 consists of a water tank, an 
air holder or bell, a mercury-seal valve, and a cup containing mercury which 
serves as a seal around the sand- 
specimen container or core specimen. A 
handle at the top of the bell is used in 
raising the bell. The required air pres¬ 
sure (10.0 centimeters of water) is ob¬ 
tained by a weight which is slipped over 
the lower end of the guide rod attached 
to the inside of the bell. The three 
rolls on each of the two guides make 
contact with the inside surface of the 
inner tube. The air passes from the bell, 
through the inner tube, then through 
the large opening in the base to the 
mercury-seal valve, and finally through 
the test specimen. A water seal for the 
air in the bell is provided. between the 
outside of the water tank and the inner 
tube. 

The upper cup of the mercury-seal 
valve shown in Fig. 171 has three cylin¬ 
ders of different lengths projecting from 
its lower sides and is raised or lowered 
by rotating it on cams located in the rim 
of the lower cup. Mercury is placed 
to a definite level in the lower cup. When the upper cup is turned to the 
extreme right (clockwise), the two inside cylinders are raised clear of the mer¬ 
cury, and qir can be drawn from around the upper cup into the bell. This is 
the “vent position.” When the upper cup is turned to the left (counter¬ 
clockwise) until the middle cylinder is below the level of the mercury in the 
lower cup, ajr can be delivered from the bell to the central opening in the upper 
cup. This fe the “on position” as shown in Fig. 171. When the upper cup 
is turned to the extreme left (counter-clockwise), the inner cylinder dips below 
the mercury and the air supply is completely sealed; this is the “off position.” 


GUIDE ROD 



Fia. 171.— Permeability Apparatus 
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Any condition required in the procedure for the permeability test can be ob¬ 
tained by turning the upper cup through an arc of 120 degrees. Two marks 
around the outside of the bell show the distance which the bell travels when 
delivering a total of 2,000 cubic centimeters of air from the air holder through 
the test specimen. 

Instructions for Making a Permeability Test 

1. Turn the upper cup of the mercuiy-seal valve to the extreme right 
(clockwise). This is the “vent position.” Then raise the bell slowly 
until the lower mark on the bell is above the upper edge of the water 
tank. With the bell held in this position, turn the upper cup of the 
mercury-seal valve to the extreme left. This is the “off position.” 

2. Set the specimen container in the mercury in the upper cup. 

3. Turn the upper cup of the mercury-seal valve to the right (clockwise) 
about 60 degrees. This is the “on position” which allows air to be 
delivered from the bell to the specimen. 

4. Measure the time required for the bell to drop the distance between the 
lower and upper marks on the bell; this is equivalent to a displacement 
of 2,000 cubic centimeters of air. 

5. Calculate the permeability by using the A.F.A. permeability formula 
which is as follows: 


Permeability 


_ Volume of Air (cm. 3 ) X Height of Specimen (cm.) _ 

Area of Specimen (cm. 2 ) X Air Pressure (cm.) X Time (min.) 


Permeability 


_ 2,000 cm. 3 X 5.08 cm. 

20.268 cm 2 X 10.0 cm. X minutes 


Permeability 


3007 

seconds 


STRENGTH OF MOLDING SANDS 

Molding sands must have sufficient strength to retain the shapes of the 
molds until the metal has solidified. The use of sands which are too low in 
strength will cause defects in the castings. The compressive-strength test is 
the standard method adopted by the American Foundrymen’s Association for 
measuring the bonding property of molding sand. 

Description of Compressive-Strength Tester 

The apparatus used in measuring the compressive strength qf .molding sands 
(see Fig. 170) is a spring-dynamometer with a device for indicating the maxi¬ 
mum load on the test specimen. A carriage attached to the loyrer end of the 
spring is guided by two gibs which slide loosely in two vertical rods. The pin 
fastened to the upper side of the carriage comes in contact with a\rod which is 
located in the hollow post. A packing gland with a felt washer ht the upper 
end of the jjost produces just enough friction to hold the rod m any position. 
When the spring is compressed* the pin shoves the rod upward. ; A flat-headed 
screw at the lower end of the calibrated rod can be adjusted foi;* : ihe zero read¬ 
ing. The spring-assembly is raised or lowered by means of a rack and pinion 
operated by a hand lever. The entire testing unit is attached to’the same col¬ 
umn that is used for the sand rammer. This column can be rotated in the 
base so that the compressive-strength tester is directly above the post. 
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Instructions for Making a Compressive-Strength Test 

1. After making the permeability test, remove the sand specimen from the 
container by sliding the container over the post on the testing apparatus. 

2. Bring the compressive-strength tester into position above the specimen. 

3. Apply an increasing load on the specimen by pulling down the hand 
lever on the tester. When the specimen collapses, the spring recoils and 
the calibrated rod remains at its highest position. The maximum load 
in pounds per square inch of the area of the specimen can be read di¬ 
rectly on the rod. 
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STRENGTH OF DRY-SAND CORES 


The most satisfactory method for determining the dry strength of core mix¬ 
tures is to prepare specimens in a uniform way and to test the specimens trans¬ 
versely after they are baked. A core-making apparatus, using the principle of 

the jolter, has been developed for 
making test specimens, and a trans¬ 
verse testing machine is used for 
measuring the strength of the baked 
cores. 

Description of Core-Making Appa¬ 
ratus 

The core-making apparatus 
shown in Fig. 172 has a cast-iron 
base to which four vertical rods are 




attached. The upper ends of these 
rods are held in position by a metal 
spider. Guides on the four rods 
control the movement of an alumi¬ 



num plate which can be raised for a 
distance of 12 inches. An oak block 
is attached to the metal plate to 
absorb the shock. The surfaces of 
the rods are protected by telescoping 
brass sleeves. 

The test specimens are made 
in a bronze core box having dimen¬ 
sions of 1 inch by 1 inch by 8 inches 
on the inside. A cast-aluminum 
hopper 3 inches in height is held in 
place above the core box by dowels. 
The core box is constructed of two 
parts so arranged that one half can 
be pulled away for the removal of 
the specimen. The core is rammed 
on a core plate so that it can be 
handled. 

Instructions for Making Test Speci¬ 
mens 

1. Place a steel core plate under 
the core box, and assemble 
core box and hopper. 

2. Fill the core box v and hopper 
with the core-sand mixture 


Fig. 172.— Corb-Making Apparatus! which is placed loosely in the 

v ^ cavity level with the top of 

the hopper. 

3. Raise the aluminum plate, to which the core box and hoppej are clamped, 
to the full height of the stroke (12 inches), and allow tt&assembly to 
drop freely. Repeat this operation for a total of ten blows!* 

4. Loosen the clamps and pass the cut-off sheet through the slot at the 
bottom of the hopper to separate the surplus sand from thgcore. 
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5. Move a straightedge across the top of the core box to make certain that 
the height of the specimen is 1 inch. 

6. Remove the front half of the core box, and then pull the plate with the 

specimen away from the other half of the core box by using two wires 
hooked into holes near the edge of the core plate. t 

7. Transfer the test specimen on the core plate to the baking oven. 

Description of Transverse Testing Machine 

The strength of core specimens is determined on the transverse testing 
machine shown in Fig. 173. The test specimens are placed on two supports 



Fig. 173.— Transverse Testing Machine 


6 inches apart, and the load is applied on the upper surface one-half way be¬ 
tween the two supports. One of the supports is stationary, and the other is 
mounted on a pin bearing. The load on the test specimen is applied by contact 
with a gV-inch steel rod on the upper fulcrum which bears on a knife edge 
in the beam. The use of one stationary and two self-adjusting edges in 
contact with the core prevents twisting of the specimen during the test. 

The cast-aluminum beam is mounted on ball bearings and balances 
without the shot can which is carried on knife edges at one end of the beam. 
The load is applied at a rate of 24 pounds per minute by allowing No. 10 
lead shot to drop from the hopper into the can. When the specimen 
fails, the stream of shot is stopped by a trip mechanism. The load on the 
specimen at the time of failure is found by multiplying the weight of 
the shot and can by three. 

Instructions for Making Transverse Tests 

1. Remove the specimen from the core plate and place it on the supports 
of the transverse testing machine in the same position as that in which 
it was made. 

2. Start the flow of shot into the can by moving the slide at the bottom of 
the hopper. 

3. Weigh/the shot and can after the specimen fails, and multiply the weight 
in pounds by 3. The breaking load is recorded only to the nearest pound. 

PERMEABILITY OF DRY-SAND CORES 

The permeability test is made by forcing air at a constant pressure through 
a test specimen and measuring the time required for 2,000 cubic centimeters 
of air to passthrough a minimum of 1 cubic inch of the core. The core box 
shown in- Fig: 374 is used on the core-making apparatus for preparing perme¬ 
ability-test specimens. This test is made on the permeability apparatus which 
has been desqfcibed. ? 
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Instructions for Making Permeability-Test Specimens 

1. Place the permeability core box and hopper on the plate of the core-making 
apparatus, and clamp these parts in position. 

2. Fill the core box and hopper with the core mixture. 

3. Ram the mixture into the core box by ten blows on the apparatus. 

4. Insert the cut-off sheet and remove the excess sand from above the core 
box. 

5. Place a core plate on the box, roll the box over, and withdraw the box, 
leaving the core on the plate. 

Instructions for Making Permeability Tests 

1. Place the permeability specimen in the upper cup of the permeability 
apparatus. The mercury forms a seal around the specimen. As a core 
will float in mercury, a weight is required to hold it down while being 
tested. 



Fig. 174. —Core Box and Hopper for 
■jr Permeability Test Specimens 

• •♦y 

2. Recorcrohe time in seconds required for 2,000 cubic centimeters of air to 
pass tjkrough the specimen. It is necessary to remove the weight from 
the bell of the permeability apparatus in order to have a low air pressure 
(usually between 5 and 7 centimeters on the water gage) for this test. 

3. Calculate the permeability for dry-sand cores by using the following 
formula: 

Permeability *= Volume of Air (cm. 8 ) X Height of Specimgp (cm.) 

Area of Specimen (cm. 2 ) X Air fifesure (cm.) ^ Time (min.) 


Permeability 

Permeability 


Area of Specimen (cm. 2 ) X Air fissure (c 

__ 2,00fr bm. 8 X 2.54 cm. 

6 45 cm. 2 X Pressure (cm.) X Time (min.) 

_ 47 $56 _ 

Pressure (cm .f X Time (sec.) 
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Aging cast iron, 149 
Air for combustion, 101 
Air furnace, construction, 110 
operation, 111 

Ajax-Northrup induction furnace, 230 
Ajax-Wyatt induction furnace, 229 
Aluminum-alloy castings, 241 
foundry practice, 243 
specifications, 297 
Aluminum bronze, 236 
Aluminum-copper alloy, 243 
Aluminum-silicon alloy, 243 
Associations of foundrymen, 8 
Austenite, 138 

B 

Baking cores, 79 
Bearing alloys, definition, 236 
Beehive coke, 20 
Bench molding, 54 
Bentonite, 26 
Blackings, 46 
Blasting equipment, 119 
Blasting sands, 25 
Blowers for cupolas, 108 
Bottom board, definition, 30 
Brass castings, 233 
specifications, 294 
Brinell hardness, machine, 269 
Bronze alloys, ^dompositions,'?302 
properties, 3$3 ' 

Bronze castings, 235 * • 

Brushes, 122i‘ • * 

Butting off, definition, 57 
By-product c^ke, 19 

C 

Cadmium-base bearing metals, 240. 
Calculation of ffupola charges, 174- 
Carbon in east iron, 140, 164 


Cast iron, compressive strength, 155 
corrosion-resisting, 170 
easily machined, 166 
fiowability, 159 
growth, 157 
hardness, 156 
heat-resisting, 169 
high-strength, 166 
shrinkage, 157 
tensile strength, 153 
transverse strength, 155 
wear resistance, 156 
wear-resisting, 171 

Cast metals, anti-friction property, 276 
hardness, 269 
machinability, 272 
modulus of elasticity, 274 
resistance to corrosion, 272 
resistance to high temperatures, 273 
strength in compression, 268 
tensile properties, 267 
thermal conductivity, 273 
thermal expansion, 274 
weight, 271 V*/ 

Cementite, 137 Iff 

Centrifugal process, 53 
Chaplets, 38 
Charging doors, 90 
Cheek, definition, 30 
Chills, 35 * .*jr' 

Chipping hammers, 126 
Chrome bricks, 27 

Chromium in cast iron, 144, 165, 182 
Chromium steels, 216 
Classes of iron castings, 165 
Classification of pig iron, 13 
Clay determination, 305 
Coatings for molds, 46 
Coke bed in cupola, 93 
Cote charges, 104 
itCoke, foundry, 19 
at k 
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Combustion in cupola, 100 
Compressive strength of cast 
155 

Constitution of cast iron, 135 
Construction of cupola, 87 
Converter steel, 208 
Cope, definition, 30 
Cope mounts, 42 
Copper-base bearing metals, 238 
Copper castings, 232 
Core baking, 79 
Core binders, 72 
Core blower, 79 
Core making, 76 
Core-making apparatus, 312 
Core mixtures, preparation, 76 
Core ovens, 81 
Core sands, 24, 72 
Cores, requirements, 69 
Corrosion-resisting cast iron, 170 
Crucible furnaces, 224 
Crucible of cupola, 89 
Crucible steel, 210 
Crucibles, graphite, 27 
sizes, 281 

Crystallization of metals, 253 
Cupola blocks, 27 
Cupola blowers, 108 
Cupola charging equipment, 96 
Cupola construction, 87 
Cupola data, 283 
Cupola fluxes, 106 
Cupola lining, 91 
Cupola operation, 91 
Cupola tuyeres, 89, 284 



Damping opacity of cast iron, 160 
Defects catUjj^d by cores, 84 
Design of metal castings, 253 
Detroit rocking furnace, 229 
Die-casting alloys, 246 
Die-casting machines, 50 
Die-casting process, 49 
Direct-arc furnace, 114, 206 
“Dowmetal” alloy, 245 
Draft on patterns, 259 * v 

Drag, definition, 30 
Drag mounts, 42 


Dry-sand cores, 68 
Dry strength of cores, 69 

E 

Electric arc welding, 128 
Electric furnaces, 113, 228 
operation, 115 
Electric furnace steel, 205 

F 

Facing sand, 45 
Ferrite, 136 
Ferro-alloys, 15 
Ferrochromium, 16 
Ferromanganese, 15 
Ferromolybdenum, 16 
Ferrosilicon, 15 
Ferro vanadium, 16 
Fire brick, 26 
Fire clay, 25 

Flat back, definition, 259 
Floor molding, 54 
Flowability of cast iron, 159 
Fluorspar, 21 
Fluxes, foundry, 21, 107 
Follow board, 40 
Forehearth, 98 
Foundry coke, 19 
Foundry fluxes, 21 
Foundry sands, 22 
Foundry scrap, 16 
Fuel oil, 21 

Fuels, compositions, 280 
heating values, 280 

G 

Gaggers, definition, 30 

Ganister, 26 

Gas cutting, 125 

Gas welding, 127 

Gate, definition, 31 

Grain fineness, determination, 307 

Graphite, 136 

Graphite crucibles, 27 

Gray cast iron, 147 

Gray iron castings, specifications. 285 

Green-sand cores, 68 

Green strength of cores, 69 

Grinding wheels, 123 


iron, 



INDEX 


Growth of cast iron, 157 
Gun-metal, 235 

H 

Hardness of cast iron, 156 
Hardness testing methods, 269 
Hard-sand match, 40 
Heat-resisting cast iron, 169 
Heat treatment of cast iron, 149 
Height of coke bed, 103 
Height of cupola, 90 
High-strength cast iron, 166 

I 

Indirect-arc furnace, 114 
Induction furnace, 207 
In-gate, definition, 31 

J 

Jobbing foundry, definition, 6 
Jolt machines, 56 

L 

Lead-base bearing metals, 240 

Limestone, 21 

Loam molds, 48 

Loose patterns, 39 

Loss factor for silicon, 177 

M 

Machinability of cast metals, 272 
Machines, molding, 56 
Magnesite bricks, 27 
Magnesium alloy castings, 244 
Malleable iron castings, 192 
annealing, 195 
composition, 192 
finishing, 197 
melting, 193 
molding, 194 
properties, 198 
specifications, 289 
uses, 199 

Manganese bronze, 234 
Manganese in cast iron, 142, 165, 181 
Manganese-molybdenum steels, 217 
Manganese steel, 218 
Manufacture of pig iron, 10 
Match plates, 42 * 


Match, sand, 40 
Melting losses, 231 
Melting points of metals, 279 
Metal charges, 105 
Metal molds, 49 
Metal-pot furnaces, 227 
Mineral coatings, 46 
Moisture determination, 305 
Mold board, definition, 32 
Mold coatings, 46 
^-Molding machines, 56 
Molding methods, 54 ^ 

Molding operations, 55 ^ 

Molding procedure, 32 ^ 

Molding sands, requirements, 22 ^ 
test methods, 23 
Molds, dry-sand, 47 
green-sand, 45 
loam, 48 
metal, 49 
skin-dried, 46 
stacked, 55 

Molybdenum in cast iron, 145, 165, 1 
“Monel metal,” 248 
Mounted patterns, 41 

N 

Nickel in cast iron, 143, 165, 182 
Nickel steels, 216 

O 

Oil binders for cores, 72 
Open-hearth steel, 203 
Open molds, 55 
Operation of cupola, 91 
Ovens for baking cores, 81 

p 

Pattern identification markings, 39 
Pattern materials, 39 * 

Patterns, mounted, 41 
Pearlite, 138 

Permanent-mold process, 52 
Permeability apparatus, 309 
Permeability determination, 308 
Permeability of cores, 70 
Permeability of dry-sand cores, detei 
mination, 314 
Phosphor bronze, 235 
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Phosphorus in cast iron, 143, 165 
Pickling, 121 

Pig iron, classification, 13 
manufacture, 10 
Pitch binders for cores, 75 
Pit molding, 54 
Press castings, 51 
Pressures in molds, 36 
Prices of foundry materials, 11 
Prices of metal castings, 265 
Primary metals, 222 
Production foundry, definition, 5 
Properties of cast iron, 152 
ferrous alloys, 266 
malleable cast iron, 198 
non-ferrous alloys, 267 
steel castings, 213 
Pyrometers, 231 


R 

Record of metal mixtures, 189 
Refractories, 22 

Requirements of molding sands, 22 
Riser, definition, 32 
Rockwell hardness tester, 270 
Rosifi binders for cores, 75 
Ruhner, definition, 31 



Sand molds, construction, #0 
Sand rajnmer, description,^08 
Sands for cores, 72 
Sands, foundry, 22 
SandslingersjJST 

Sa,qd - w ashjiotf^p] 

meggifi, 

adarj^fals, 222*-/' 

la, 88 

goscope, 270 
fpf cast iron, 157 
\ of metals, 254 
fifcks, 26 

K jx^east iron, 142,164 
- irotf, 15 V 
. castings, 89f 
b flask, 42'~ 

£ash, 22 

Specifications for foundry coke, 19 
SpecificalSons for scrap metals, 17 
Spfcgdtaisen, 16 
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Sprue cutters, 125 
Sprue, definition, 31 
Squeezer machines, 56 
Stacked molds, 55 
Steadite, 139 
Steel castings, 202 
classification, 213 
corrosion-resisting, 218 
heat-resisting, 218 
molding, 210 
properties, 213 
specifications, 291 

Strength of dry-sand cores, determina¬ 
tion, 312 

Strength of molding sands, determina¬ 
tion, 310 

Strengths of dry-sand cores, 74 
Stripper, plain, 44 
Stripping plate, 44 
Sulphur in cast iron, 142, 165 


T 

Teapot-spout ladle, 212 

Tensile strength of cast iron, 153 

Test methods for molding sands, 23 

Thermal conductivity, 273 

“Thermit” welding, 130 

Tin-base bearing metals, 239 

Tools for cupola, 97 

Tools for molder, 31 

Transverse core testing machine, 313 

Transverse strength of cast iron, 155 

Tumbling mills, 119* 

Tuyeres for cupola, 89 

V 

Vanadium steels, 217 


W 

Water-soluble binders for cores, 74 
Wear resi$b&nce of cast iron, 156 
Wear-resisting cast iron, 171 
Weights of cast metals, 271 
Welding methods, 127 
White cast iron, 147 
W^ite-metal bearing alleys, 237, 304 







